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SYNOPSIS 
The primary purpose of this disserta
tion is to identify the factors which a
ffect the accuracy 
of South African quantity surveyors
' pre-tender price forecasts. Prices su
bmitted by bidders 
at the tender submission stage of pro
ject development are utilised as the best practic
al 
measure for establishing the degree 
of accuracy achieved. 
A large number of design price fore
casting techniques are available to es
timators. Many of 
the techniques used in the early stag
es of design are applicable for provid
ing budget 
amounts for design control purposes
, whilst others are more· appropriate
 for forecasting 
anticipated tender sums. Features of
 price forecasting requiring attention
 at all stages of 
design development are identified as
: (i) the influence of uncertainty inherent in 
the 
process, (ii) data / information availability a
nd management, and (iii) the utilisation of 
tendering data by means of 'feedbac
k' systems. 
The factors affecting the accuracy o
f price forecasts are examined by me
ans of a literature 
study, opinion surveys of estimators
 and empirical research on the result
s of estimate / 
tender comparisons. The relevance o
f the question of pre-tender price for
ecasts is 
demonstrated by the results of the st
udy which indicates that the accurac
y and reliability of 
South African quantity surveyors' e
stimates produced at the tender stage
 is inferior to that 
generally found overseas and do not
 meet the expectations of architects 
and clients. 
The conclusions drawn from this stu
dy indicate a distinct potential for im
provement in 
early design stage price managemen
t. 
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GLOSSARY OF TERMS 
Bills of Quantities: 
A descriptive list of items forming part of the contr
act documentation and quantifying the 
work to be done on a building project. 
Building procurement system: 
The procedural path or actions undertaken in the pl
anning and development of a building 
contract. 
Client: 
The person, or company, or authority for whom a
 project is carried out; usually the one 
who pays the capital cost of the project. 
Competitive tendering system: 
The process of two or more contractors tendering ( or bidding) 
for the same work, often 
quantified in bills of quantities. 
Design phase: 
The stage in the life of a project when most of the activity being c
arried out relates to 
decisions about its physical nature and performance
. Usually (but not limited) to the period 
between project conception and tender submission. 
Estimate reliability: 
The confidence level associated with the expected a
ccuracy of a price forec~t. 
Low bid: 
The lowest bid submitted in a competitive tenderin
g exercise. Not necessarily the accepted 
tender. 
Tender / Bid: 
An offer to carry out building work at a price deter
mined by a contractor. 
Tender estimate: 
Estimate of anticipated tender prices, made by mem
bers of the design team. Usually the 
last price forecast prior to tenders being submitted.
 Often calculated by the consultant 
pricing project bills of quantities during the tender period. 
1 
1. GENERAL INTRODUCTION 
"Mien a man does not know what harbour he is making for, no wind is the right wi
nd" : 
Seneca - Philosopher 
1.1 INTRODUCTION 
1.1.1 General 
J( Quantity surveyors in South Africa have traditionally undertaken the construction price 
forecasting function as an integral part of the package of services
 offered by them on 
construction projects. 
Conventional theory relating to price forecasting is extensively des
cribed by Nisbet (1961), 
Bathurst and Butler (1973), Seeley (1983), Ashworth (1988a) and Ferry and Bran
don 
(1991). They suggest that a primary aim of construction price forecasting is the p
rovision 
of an accurate assessment of the market price of construction con
tracts. 
Whilst much research effort has been devoted to the nature and us
e of price forecasting 
techniques, less attention has been paid to the quality of the price 
forecasts produced by 
quantity surveyors. 
Skitmore et al. (1990) assert that there are five primary aspects which determine 
the quality 
of quantity surveyor's price forecasts. These concern (a) the nature of the target, 
(b) the 
information used, (c) the forecasting technique used, (d) the feedback mechanism
 used and, 
(e) the person providing the estimates. 
The major research endeavours into the quality of price forecasts include the work of
 
' James (1955), McCaffer (1976), De Neufville et al. (1977), Harvey (1979), Prop
erty 
Services Agency (1981), Jupp and McMillan (1981), Bennett et al. (1981) Runes
on and 
Bennett (1983), Flanagan and Norman (1983), Morrison (1984), Hanscomb Asso
ciates 
(1984), Skitmore and Tan (1987), Wilson et al. (1987), Skitmore (1988b, 1988c)
 and Tan 
(1988). 
--. 
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More specifically, Ogunlana (1989), Betts and Gu
nner (1989), Gunner and Betts (1990) 
and Ogunlana and Thorpe (1991) have addressed 
themselves to the issue of the factors 
affecting accuracy of price forecasts. 
2 
Whilst the nature of construction activity
 in certain areas covered by these studies
, such as 
locations around the Asia Pacific Rim, N
orth America and Continental Europe, is
 · 
dissimilar to that in South Africa, there i
s similarity between the construction ind
ustries of 
South Africa and the United Kingdom w
here most of the research to date has bee
n 
undertaken. 
However, whilst providing a useful indic
ation of the accuracy of price forecasting
 in 
general, the above publications throw lit
tle light on the situation prevailing in th
e South 
African context. 
Preliminary work by Bowen (1992) indicates that 
the accuracy achieved by quantity 
surveyors in price forecasting is consiste
ntly lower than the expectations of clien
ts and 
architects. 
1.1.2 Purpose of research 
The purpose of this research is to: 
* critically analyse a range of local pre-
tender construction price estimates to de
termine the 
levels of accuracy which are achieved in
 practice, for comparison with the resul
ts of 
comparable studies undertaken overseas,
 and, 
* determine the most significant factors a
ffectin·g the estimating accuracy of Sout
h African 
quantity surveyors. 
1.2 PROBLEMSTATEMENT 
The main problem to be addressed in thi
s dissertation is: 
Pre-tender price forecasts produced by
 quantity surveyors in South Africa are 
consistently inaccurate and do not mee
t the expectations of either architects o
r clients. 
3 
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In addition, the following sub-problems contribute
 towards unreliable estimates being 
produced: 
(a) Price forecasters ignore the positive contribution that a structu
red tender analysis and 
feedback mechanism can furnish in providing informa
tion on the accuracy of previous 
forecasts, and possible reasons for inconsistent perform
ance. This results in estimators 
being unaware of the actual nature and magnitude of e
rrors made in price forecasts. 
(b) The parties involved in building developments have different 
expectations or 
assumptions with regard to the content and accuracy o
f tender price forecasts. 
(c) A variable basis is used for reporting to clients on the results o
f tender submissions; 
sometimes even within the same organisation. 
(d) Estimators who do not have the necessary ability or experienc
e in building price 
forecasting are often employed in this activity. 
The main problem above will be substantiated by mea
ns of a detailed empirical survey, the 
results of which are presented in Chapter 7. The assoc
iated sub-problems are addressed in 
Chapter 6, listing the responses of South African quan
tity surveyors to a national opinion 
survey. 
1.3 HYPOTHESIS 
Based on an extensive literature review providing an o
verview of the results of research 
conducted overseas, the factors considered to affect th
e accuracy of consultants' price 
forecasts are: 
Project specifics 
Data I Inf onnation 
: Type of project 
: Job complexity 
: Project size 
: Number of bidders 
: Job duration 
: Geographic location 
: Nature and quality of historic price data 
: Level of design information available 
Chapter 1 
External economic forces : Market conditions a
pplicable 
The estimator : Experien
ce/ expertise 
The hypothesis to be addressed in this 
dissertation is that: 
The expertise of the price forecasters
 and the provision of adequate histor
ical price 
data are the two most influential fact
ors affecting the accuracy of pre-tend
er price 
forecasts produced by quantity surve
yors in South Africa. 
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To justify the inclusion of these factors in this stud
y, the influence on estimating accuracy
 
displayed by each factor is investigated
 in the context of the South African bu
ilding 
industry. 
1.4 LIMITATIONS AND ASSUMPTI
ONS 
The area of study is limited to price fo
recasting as executed by quantity surve
yors in the 
South African building industry. Areas
 of the construction market where estim
ating is 
practiced, such as the general residenti
al sector and civil engineering works ar
e not 
\ 
included in this research. The study is 
based on the building rocurement roc
ess that is 
used most widely by quantity surveyor
s in this country, namely bills of quant
ities. 
-
-
J<' Betts and Gunner (1989) state that the best measure of estimating accuracy i
s achieved by a 
comparison of the price forecast with 
the final agreed price of the completed 
project. 
However, implementation of this reco
mmendation ts considered impractical d
ue to the 
effect of design changes and other time
-related factors in both the pre-, and po
st-contract 
stages. 
Resear~hers have therefore been forced
 to compare estimates compiled after th
e design 
has been finalised with the only suitable
 approximation of the actual price - the
 accepted 
tender submission. As one of the objectives of this
 study is to compare local performance
 
with that achieved overseas, a correspo
nding approach has been adopted. Alth
ough the 
accuracy of early design stage estimate
s is not specifically addressed in this do
cument, it is 
suggested that this research can assist i
n establishing a basis for further studie
s of this 
nature. 
• 
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1.5 RESEARCH METHOD 
The research originated from the perceived need to
 improve accuracy in design price 
forecasting. A thorough review of existing literatu
re on tendering procedures, price 
forecasting methods, techniques for assessing accu
racy in estimates and previous empirical 
studies of accuracy in design price forecasting esta
blishes the basis for the research. The 
research methodology is summarised in Table 1.1 
below. 
Table 1.1 Research Methodology 
Procedure Purpose
 
Stage I Literature review on theory relating
 to To establish a firm basis for 
factors affecting accuracy. resear
ch. 
Stage II Practitioners and academics consulte
d. To provide a practical research 
emphasis. 
Stage III Distribute questionnaires to all 557 
To compare opinions of S A 
Quantity Surveying practices in S A. quantity surveyors
 on certain 
aspects of estimating with those 
expressed overseas 
Stage IV Analyse tenders on 1086 projects To estab
lish general patterns of 
over 10 years in the Cape Peninsula bidding
 in a typical S A building 
submitted by MBA members. enviro
nment. 
Stage V Extract details of estimates submitte
d To determine accurac,y actually 
on above projects where records are achieved by estimator
s in 
available plus 45 Public Sector jobs. comparison with bid
s submitted 
Stage VI Analyse Quantity Surveyors' estimates. To e
stablish factors affecting 
price forecasting accuracy. 
----
6 
Chapter 1 
1.6 STRUCTURE OF THE DISSERTATION 
The following chapter breakdown provides an_ o
verview of the content and structure of the 
study. 
Chapter 2 - This introductory chapter describes t
he purpose and importance of the . 
forecasting function. In addition, the section pro
vides an overview of the various 
techniques used for estimating construction price
 at various stages of the design process. 
Chapter 3 - In this chapter, the environment w
ithin which the quantity surveyors' price 
forecasting activities take place are described
. Uncertainty at various levels of design 
development is discussed, together with possib
le methods of countering its effects. The 
availability and use of data in the price forecasti
ng function is presented. ) 
Chapter 4 - The nature of the term "accuracy" an
d the methods of its measurement are 
explained. The expectations of the various partie
s in the building process regarding the 
estimators' performance are studied in overview
. The chapter is concluded by a review of 
leading research in other countries into the perfo
rmance of contractors' and designers' 
estimators. 
Chapter 5 - The theory with respect to the impac
t of various factors on the accuracy of 
price forecasts is critically examined by means o
f a commentary on the available published 
literature. 
Chapter 6 - The results of the opinion survey de
aling with factors affecting accuracy 
submitted to South African quantity surveyors is
 compared with a similar exercise recently 
conducted in the United Kingdom. The results a
re evaluated in terms of the theoretical 
concepts indicated. 
Chapter 7 - An empirical study of a sample of co
ntractors' tenders and quantity surveyors' 
price forecasts is undertaken with a view to veri
fying the principal factors affecting 
accuracy. 
Chapter 8 - The major conclusions and recommendations resu
lting from this research are 
established. Areas of future research are also pro
posed 
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2. THE PURPOSE AND IMPORTANCE OF ESTIMATIN
G 
·Progress is impossible without change, and those who cannot c
hange their thinking, 
cannot change anything" : George Bernard Shaw 
2.1 INTRODUCTION 
Construction management theory traditionally divides the project procurement p
rocess into 
two stages: the design phase and the construction phase. This 
separation is reflected in the 
development of contract price forecasting techniques, which a
re intended to meet the 
perceived needs of both the client (design) and contracting sectors of the co
nstruction 
industry. Skitmore and Patchell (1990) comment that whereas designers nee
d to inform the 
client of anticipated financial implications of design decisions
, contractors need to be able 
to assess the income implications to themselves should the con
tract be acquired. 
An overview of estimating systems employed by quantity surv
eyors during the design stage 
of building projects is provided in this section. This establishes a background ag
ainst which 
the later chapters can be viewed. No detailed descriptions of t
he techniques listed are given 
as these are well covered in general literature dealing with bu
ilding economics (Seeley, 
1983; Ashworth, 1988a; Ferry and Brandon, 1991). 
The relevance of the subject matter is determined by describing the necessity for
 compiling 
pre-tender estimates. Although many diverse uses of price for
ecasts are presented in this 
chapter, it is shown that the provision of consistently accurat
e estimates to clients is of 
primary importance to the quantity surveying profession .. 
2.2 DEFINITIONS 
Before undertaking a detailed study of the art of estimating it 
is necessary to define certain 
pertinent terms. The Concise Oxford Dictionary states : 
Estimate - "Approximate judgement of cost, value, size, etc; a price specified as that 
likely to be charged for work to be undertaken; make a rough calculation. " 
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Forecast - "predict; estimate or calculate beforehand,· a calculation or estimate of 
something fature. " 
By definition therefore, both the estimate and forecast are approxi
mations. However, 
whereas the forecast relates solely to future uncertain events, an e
stimate may also be 
applied to existing observable circumstances. 
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The terms price forecasting and cost estimating are used synonymously in this study. 
Bowen and Edwards (1985b) assert that although authors such as Skoyles (1977),
 Morrison 
(1984), Flanagan and Norman (1983), and Ferry and Brandon (1991) adopt diffe
ring 
approaches in the use of this terminology, both have similar basic 
meanings and are often 
used interchangeably in the building industry. 
Possibly the most widely known definition of construction estimat
ing is that given by 
Wexler (1969), sometimes also accredited to George (1973). Their expression is:
 "an 
estimate is the anticipated amount for which some fature builder, usually unknown, will 
agree to execute at somefature date, usually indeterminate, certain works which are 
frequently only partially de.fined at the time the estimate is prepared ". The difficulties 
which potentially face the estimator are well illustrated in this comment
ary. 
The importance of the quantity surveyor's estimating activities is 
underlined by the fact that 
all cost planning and control techniques, whether pre- or post cont
ract, are based upon 
various estimating practices and techniques. Seeley (1983), however, emphasizes
 the 
primary objective of the exercise as conducted in the pre-tender stage of project 
development, by stating that "estimating aims at providing a preview of the probable tender 
figure". 
2.3 THE NEED FOR PRICE FORECASTS 
The nature of development (i.e realising the potential of land by planning and co
nstructing 
buildings thereon) requires the participants in the process to have considerable kn
owledge 
of building costs at an early stage; the planning and design stiges 
being considered critical 
to the success of a project. 
Several authors, most notably Raftery (1987b), contend that satisfactory financial
 
management depends heavily upon the services provided by price 
forecasters. The 
importance of the price forecasting function within the project development package i
s 
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underlined by the fact that the building price constitut
es the major portion of total project 
development costs (Norval, 1990; Bowen, 1992). 
In the construction world, many notable projects provide excellent ex
amples of completed 
costs differing significantly from initial estimates. Pro
minent developments frequently 
referred to include the Westminster Houses of Parliam
ent, Thames Barrier, Barbican Arts 
Centre, the Australian Parliament Building, Sydney O
pera House and the Suez Canal. 
While the reason for some of the above differences ca
n be ascribed to major contract 
design changes, it may be assumed that in some instan
ces a flawed initial estimate is the 
primary cause. (Ogunlana, 1989) 
Because the consequences of inaccurate or misleading
 estimates being presented are far 
reaching, incorrect forecasts may precipitate a conditi
on for conflict between the parties 
involved in a building development. 
Bennett et al. (1981) clearly indicate that one of the most importa
nt functions conducted by 
members of the quantity surveying profession is that o
f price forecasting. Although the 
above report, which was concluded a decade ago, app
lies to the United Kingdom the 
content is considered no less valid in South Africa tod
ay. This view is supported by Davis 
Langdon and Everest (1991) who state that "the development need
 (in the.future role of the 
quantity surveyor) is greatest in areas of early cost advice, cost and market 
forecasting and 
cost control". 
2.3.1 Uses of price forecasts 
Price forecasts compiled during the d~sign stage, serv
e firstly to advise the client on the 
probabfe cost of a proposed project, and secondly to assist the design 
team in their 
activities prior to awarding a tender. Pre-tender estim
ates are further employed during the 
analysis of the tender submissions. 
The purpose of estimat~s is often dependant upon the 
project development stage. Hemphill 
(1968) and Ogunlana (1989) list some of these uses as: 
* determining capital investment costs and establish p
roject feasibility 
* preparing a cost budget for the undertaking 
* appraisal of the capability to afford a scheme design
 
* assisting in decisions on continuation or abortion of
 a project 
l 
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* making provision for financing the project 
* using for taxation, insurance and valuation purposes 
The most common applications of price estimates by the design team ar
e referred to as: 
* the preparation of a cost plan for the project 
* the distribution of expenditure between the various components of the
 project 
* the evaluation of the suitability of proposed solutions to design proble
ms. 
; 
10 
Skitmore (1990a) postulates that "in commercial terms the quality of construction price 
forecasts is a measure of the satisfaction obtained by the purchaser of th
e forecasts". Whilst 
several factors may determine the extent of the satisfaction gained, it is 
suggested that one 
of the primary considerations of quality is the performance of the foreca
ster in terms of the 
accuracy of predictions made. 
2.3.2 Serving client requirements 
An investigation into clients' attitudes towards estimating performance, 
conducted by the 
Building Design Partnership on behalf of the Royal Institution of Charte
red Surveyors 
(RICS, 1984), reveals a number of the causes of clients' dissatisfaction with quantity 
surveyors' price forecasting performance. Two major concerns identified are; firstly, the 
accuracy of price forecasting is perceived to be poor; and secondly, acc
urate cost advice, 
particularly _during the initial planning stages, is reported as not being c
onsistently available 
from quantity surveyors. 
This conflicts with Greig's (1981) limited opinion survey suggesting that clients are 
generally satisfied with the construction cost advice provided by quantit
y surveyors. 
Quantity surveyors are, however, criticised for poor advice on cost problems in an 
extensive survey conducted by Wilson Large and Partners (Anon, 1990), a quantity 
surveying firm in the UK. The collated responses of over 300 clients st
rongly suggest that 
price forecasting and budget planning need,to be improved. 
A study undertaken by Bowen (1992) provides a detailed disclosure of the attitudes of 
architects and clients in South Africa towards the adequacy of quantity 
surveyors' price 
advice. Responses to a national postal survey were provided by 124 clie
nts, comprising 
mainly property developers, estate agents and financial institutions, as w
ell as 99 
architectural practices. A summary of the responses is shown in Figure 2
.1. 
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Although all respondents indicate that the provision of cost estimates are usef
ul, a 
difference emerges between the clients and architects with respect to the stage
s of 
development that are considered as most important for the utilisation of such 
advice. 
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The survey however, reveals that whilst both clients and architects are genera
lly satisfied 
with the provisidn of cost advice from quantity surveyors, certain specific act
ivities provide 
cause for dissatisfaction. One of the specific features identified as requiring at
tention is the 
poor accuracy of price forecasts provided, 
2.3.3 Elements of a good/ poor estimate 
A survey of the relevant literature failed to disclose any authoritative referenc
e to the 
definition of what constitutes a "good" estimate. While the term is ill-defined
, it is 
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contended that the accuracy of the forecast, which is ordinarily used as the measure o
f 
acceptability, should not form the sole basis of assessment. 
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One of the few authors who attempts to address this issue is Lorenzoni (1986). He elects to 
interpret estimating performance by itemizing a number of negative standards, resultin
g in 
what is termed a "bad" estimate. Some of the items listed are: 
* Significant underestimation (Lorenzoni does not mention the problems experienced 
by estimating too high a figure) 
* Inconsistent results 
* Poorly documented cost estimates with few details, especially where needed 
* Unreliable for funds allocation 
Clearly there are a number of criteria to be met if a price forecast is to fulfill the need
s of 
the intended users. The extent to which these criteria are satisfactorily addressed deter
mines 
the level of satisfaction displayed by the user. A good estimate may be defined as one
 
where the estimator has a balanced amount of detail in relation to the quality of the es
timate 
essentials, and the product optimally serves the needs of the end-user. 
2.4 OVERVIEW OF DESIGN PRICE FORECASTING TECHNIQUES 
2.4.1 General 
The conventional models of the building design process introduced by the Royal Insti
tute of 
British Architects (1980), and adapted by the Institute of South African Architects (1981), 
indicate the practical use of different estimating techniqul!s at various stages of 
development. Ashworth and Skitmore (1982) cite numerous research reports such as Park 
(1972), Barnes (1974), Keating (1977), Marr (1977), and McCaffer and Mccaffrey (1981), 
which all reflect differing terminology regarding the stages at which estimates are 
produced. 
During the 1960's and most of the I970's the reported work in the field of price 
forecasting was almost entirely deterministic. Largely as a result of the impression tha
t 
clients wanted the information as firm, authoritative amounts, even when projects were not 
fully defined, estimates of price were given as single point figures. 
..... 
' 
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From the early 1980's however, uncertainty in project planning and forecasts has become 
an accepted component in quantity surveyors' estimates in the United Kingdom (Raftery, 
1991a). The extent to which this development has been adopted in South Africa is dealt 
with later in this chapter. 
The choice of which technique should be used at any stage has traditionally been influenced 
by the theory that extremely limited information is available to the estimator during the 
early stages. Raftery (1984) states that the extent of development in the design stage should 
constitute the basis for choosing a forecasting model, noting that the amount of information 
increases as the design sequence develops. 
Factors such as the urgency and use to which the estimate will be put, availability of data, 
and training and experience of the estimator may further determine the form of the price 
forecast used. It is recognised, however, that relatively few of the available forecasting 
models are actually used in practice by estimators (Ashworth, 1988a; Raftery, 1991b). 
The result of a postal survey of all quantity surveying practices in South Africa (Bowen, 
1992), indicates that the reasons considered most likely to influence the selection of a 
forecasting technique are the level of information, the time available, and the perceived 
accuracy of the estimating method. 
Evaluations of more than 50 reported pricing models (Newton, 1991), have been presented 
in diverse ways by many authors (James, 1955; Ashworth & Skitmore, 1982; Raftery, 
1984, 1987a; Wilson, 1987; and Newton, 1991). For the purpose of this study, systems are 
classified under the general headings of 'traditional' and 'non-traditional' models as 
proposed by James (1955) and Ferry and Brandon (1991). 
The detailed workings of each model are however not dealt with in this dissertation as these 
have b~en covered extensively in publications such as Cartlidge and Mehrtens (1982), 
Seeley (1983), Smith (1986), and the thesis of Morrison (1983). A brief summary of the 
more significant features is examined in the following paragraphs. 
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2.4.2 Traditional Systems 
2.4.2.1 Single-price rate methods 
(a) Unit Method 
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This method allocates a price to each functional accommodation unit of
 the particular 
building, the unit price rate usually being derived from an analysis of th
e unit prices of a 
selection of similar buildings. Typical examples of the units of allocatio
n are: 
Car parks Cost I car space 
Hospitals Cost I bed 
Houses Cost I occupant 
Schools Cost I pupil 
Theatres Cost/ seat 
The functional unit forecast is a simple method that takes into account t
he repetitive nature 
of accommodation when construction type does not vary greatly. The es
timate for the 
project is calculated by multiplying the total number of units by the unit rate. The unit rate 
is calculated frdm information extracted from documentation on recentl
y completed similar 
contracts, with costs suitably adjusted for cost escalation, design changes, market 
conditions, etc. (Smith, 1986). 
The negative aspects of the method are: (a) rates utilised by the model become obsolete 
in a 
relatively short period of time, and (b) because of the relatively large unit value
s, minimal 
errors in quantity may distort the final price considerably. In an attempt 
to overcome this 
problem, the forecast is sometimes given in price ranges which become
 more specific as 
. 
additional detailed information is provided (Seeley, 1983; Smith, 1986). 
_Ih~re are no established rules for measurement; it being considered advis
able for the price 
l 
of external works to be excluded from the estimated price of the buildin
g. Data required 
for the calculation of an estimate utilising this techniqu~ wou1d ·compris
e the established 
price of similar buildings (adjusted for time), and the number of units to be provided. 
In addition to being a convenient form of stating a price limit or budget, 
the technique is 
realistically only suitable for providing a speedy, simple method of com
parison. While the 
system may be suitable for assisting in long-term forecasts of the price o
f very similar 
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buildings (e.g. a programme of schools), it is totally unsuited for price forec
asting of 
individual buildings (Ferry and Brandon, 1991). 
The limitations of the technique are its lack of precision and t
he difficulty of making 
allowance for a whole range of factors including shape and siz
e of the buildings, 
constructional methods, materials, finishings, etc (Seeley, 1983). 
Nisbet (1961) suggests that this method should be regarded as a method for 
facilitating 
comparisons, rather than a method of price forecasting per se, an
d its application to be 
limited to establishing a budget at the inception stage of the pr
oject. 
(b) Cube Method 
15 
This method, used extensively between the two World Wars, 
has diminished in popularity 
and is now used primarily in the UK for the calculation of hea
ting requirements for 
buildings, or for fire insurance premium estimates (Cartlidge and Mehrtens,
 1982). 
Although quick and simple to calculate, it is considered to be 
inaccurate and unreliable, 
unless two identical buildings are used as comparisons. The sy
stem makes no allowance for 
variance between plan shape, storey height, number of stories
, or different construction 
techniques. These differences give rise to wide variations in c
ubic rates (Seeley, 1983). A 
further problem is that the method does not appear to be wide
ly understood by either clients 
or the design team. 
The method is based upon the price per cubic metre (volume) of the buildin
g, and is mainly 
r ttapplicable at the appraisal and definition stage of the project. The measurem
ent of the 
volume of the building is obtained by the application of measu
rement rules prescribed by 
the Royal Institute of British Architects (R.I.B.A., 1954). rwith the super
ficial floor area 
method (to be discussed later), where different areas of a building are subject to
 different 
uses and specification, these differing parts can be measured a
nd priced separately. Lump 
sum adjustments are made for special items such as siteworks. 
The volume of the building multiplied by the cubic rate, gives
 the approximate cost of the 
building. When an estimate for a new project is compiled, an analysis of the upd
ated cubic 
rates of previous projects of similar nature are used for pricing the volume of th
e new 
building. 
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This technique is intended to overcome the suggested inadequacy of the superficial f
loor 
area method with respect to the vertical elements of the building. However, Flanaga
n 
(1980), in an investigation of the relationship between price per cubic metre, building 
height, and price per superficial area, clearly proves that the cubic method is similar
ly 
insensitive to height variability. 
(c) Superficial Floor Area Method 
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In this method, the floor area of the building is measured and multiplied by a rate pe
r 
square metre. If the quality standards and specifications or constructional details diff
er 
substantially within the building, they are quantified separately and appropriate rates
 are 
applied to each area. !his technique is considered to be one of the most widely used
 by 
practitioners (Seeley, 1983). The reasons described as being responsible for its popularity 
include: 
(a) Calculations are easily computed. 
(b) Project data is normally recorded in this form, or alternatively, can be easily extracted 
from existing or previous schemes. 
(c) It is a form of measurement understood by all parties involved in the design process. 
Although no formal rules on the measurement of the building area exist, the procedu
res set 
out in the Guide to Elemental Cost Analysis (ASAQS, 1982) are usually applied in South 
Africa. In this method, the area is reflected by the sum total of the areas measured 
at each 
covered floor level, taken over the external walls or lines of the vertical structure. T
his 
differs from the procedure norm~ly employed in the UK, where measurements are t
aken to 
the internal faces of walls. In South Africa the calculation of building area is measur
ed 
over all internal walls and partitions, internal staircases, lift shafts and ducts, covere
d 
porches and balconies, but excludes any allowance for external steps, roof overhang
s, 
internal open areas and small rojections. 
The main problem associated with this method is in determining a suitable rate. The
 usual 
- ,({. 
_..-
r,r'approach relies on analysis of similar historical projects; the method of selecting an 
appropriate base project and the means of adjusting the data being of a subjective nature. 
Lump sum allowances need to be made for external works and other items of work n
ot 
related to the building area. 
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As a result of the square metre rate being determined by the horizontal components of the 
' l-J buildings, no direct account is taken of the vertical components, storey height, shape, 
() construction, finishes, roofs, or density of planning of the proposed project. A further 
~ problem arises if the scheme has a variety of different functions within the building 
~ (Ashworth, 1988a), with the consequential need to access the data of a similar building for 
comparison purposes. 
The advantages f this system are its ease of application, its relatedness to accommodation, 
the acceptance and usage by the rest of the design team, and its ability to cater for 
differences in size, specification and construction. The technique is suitable for application 
during the inception, appraisal and definition, and design concept stages of the building 
procurement process. 
(d) Storey Enclosure Method 
In response to dissatisfaction with the cubic method of price forecasting, the storey 
enclosure method of estimating was developed by the Wilderness Cost Study Group of the 
Quantity Surveying Division of the Royal Institution of Chartered Surveyors (James, 
1955). This method is considered suitable for use during the design concept, and design 
development stages. 
In this system sections of a building are measured superficially and multiplied by a 
weighting factor, determined by that section's effect on the total cost. These weighted 
quantities are then totalled and multiplied by a single rate, obtained from an analysis of 
previous projects, to arrive at an estimated total for the project. 
The technique is not strictly a single-price method of estimating but is considered to be the 
linkage between single and multi-rate price forecasting systems. Although accommodating 
the shape, total height, storey height and total floor area of a building, the system has never 
gained· wide acceptance and has been superceded by the elemental method of forecasting 
(Ferry and Brandon, 1991). 
Whilst the method offers an acceptable medium for the quantification and pricing of the 
structure and finishes, the acceptable incorporation of 'non-standard' items does present a 
problem. Prices for items such as site works, the additional cost of more expensive 
components than those normally associated with the type of building, mechanical and 
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engineering services and features such as balconies are typica
lly derived by means of 
approximate quantities. 
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Adaptations of this technique have been developed in the Unit
ed States of America (Diehl, 
1966), and South Africa. Results obtained from the application of the Amer
ican model 
appear to be more promising than those of the original British
 method (Flanagan~ 1980) . 
• 
In the early 1970's, the Department of Public Works and Land A
ffairs (PWD), (formerly 
known as the Department of Public Works) in South Africa produced a vari
ation of the 
private sector storey enclosure forecasting system for use in 
public sector contracts under 
their control. This system (PWD, 1972) is based on the use of a single tarif
f which is 
applied in proportion to the horizontal and vertical elements o
f the building. 
The major disadvantage of the method is that it is not easily understood by arch
itects and 
clients. In addition, quantity surveyors in South Africa appear to
 have rejected the use of 
the method for private sector work, possibly due to difficultie
s experienced in applying the 
PWD model to any but the simplest types of building. 
2.4.2.2 Multi-price rate methods 
(a) ApproximaJe quantities method 
I 
Approximate, or 'rough' quantities, is a measured combinatio
n or grouping of typical bill 
description items, to form composite items for pricing as an e
stimate (Ashworth, 1983). 
The selection of items measured is based on the principle that
 80 % of the final price is 
represented by 20% of the quantifi~ble items (Kelly, 1987; Brandon, 1984)
. The items not 
directly measured are usually taken into account by adjusting the individual rate
s or 
presenting them as a percentage of the final figure. 
This method is regarded by most quantity surveyors as being 
one of the most reliable 
' methods of forecasting, provided that sufficient information is
 available at the time of 
execution (Seeley, 1983; Smith, 1986; and Willis and Ashworth, 1987). As
 the 
measurement is handled in much the same way as a typical 'b
ill' measurement, a 
reasonably large amount of information needs to be available 
before a forecast can be 
produced. The degree of detailed measurement, and the corre
sponding accuracy and 
confidence levels, depends largely on the amount of design in
formation available. 
---
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This method involves pricing approximate building quantities at rates pr
oduced at the same 
time that the quantities are prepared. These rates are usually based on th
ose extracted from 
previously accepted bills of quantities or, less frequently, compiled usin
g first principles. 
Billett (1990) observes that this method has an advantage over some other techniques as 
it ] 
. 
\ 
makes an automatic allowance for plan shape, height an_d size. Although
 approximate 
quantities estimates ordinarily require greater time and effort than single
-price rate methods 
(Cartlidge and Mehrtens, 1982), advances in computer applications have resulted in 
reductions in production time differences between the various estimating
 systems. _) 
Whereas in South Africa there are no formal rules of measurement, mea
surement 
guidelines for quantity surveyors in the UK are provided by the Royal I
nstitution of 
Chartered Surveyors guidelines (RICS Pamphlet No. 2, undated). The main advantages 
of' 
using this system are reliability, compatibility with the overall design pr
ocedure, and the / p,(j 
fact that adjustments are comparatively easy to make in respect of differing specifications, J 
shape, size and height. 
This approximate quantities forecasting model is used principally during
 the design concept 
and design development stages, but is suited to use during the latter stag
es of design as 'f. 
well. It is claimed that this is the most widespread estimating method us
ed in practice in the 
UK (Property Services Agency, 1980; Bowen, 1982a). 
(b) Elemental estimating system 
This method_, derived from the storey-enclosure system, expresses the c
ost of the project on 
an elemental basis (Ashworth, 1988a). In this system, the measurable elements and 
components comprising the building are identified; an el~ment being de
fined as that part of 
a building that always performs the same function irrespective of its con
struction or 
specification, and a component as a sub-division of an element. These a
re priced in one of 
two ways; either by the individual pricing of components using first prin
ciples, or by 
adjusting prices derived from a similar previous project. Measurement of quantities from 
~ketch plan development stage is based on the principles embodied in th
e document entitled 
'Guide to Elemental ost nalysis' (ASAQS, 1982). The South African method of 
elemental price forecasting and analysis is similar to the British 'Standar
d Form of Cost 
Analysis' issued by the RICS, but reflects a different grouping of eleme
nts and 
components. 
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The effective use of this estimating method has been severely hampered by the lack of 
suitable pricing data for general use~ Due to the lack of support of the quantity surveying 
fraternity, a South African elemental building data service initiated in 1982 was 
discontinued in 1984. 
Advantages of this method are its ease of application, and the ability to undertake price 
comparisons with other buildings on an elemental basis. Disadvantages associated with this 
system are, method familiarity, the time required for its preparation and the skill needed 
for the adjustment of rates. 
(c) Pricing Bills of Quantities 
The bills of quantities price model is applicable to the technical documentati~d ~ 
approvals stage of the building pro.curement pr:oc_ess. tis regarded as a product-based 
forecasting model because of its emphasis on measuring the project as 'finished work in 
place' (Ferry and Brandon, 1991). _} 
The pricing of the bills of quantities by the quantity surveyor immediately prior to the 
receipt of tenders, constitutes the final price forecast in the pre-contract stage of the 
building procurement process. In undertaking this task, the quantity surveyor attempts to 
emulate the pricing actions of contractors tendering for the contract. 
The rules of measurement are prescribed in the 'Standard System of Measuring Builders 
Work' (ASAQS, 1991), sixth edition. This document forms the basis of the competitive 
form of tendering in the South African building industry and provides a detailed schedule 
of the quantifiable work for a particular project. Rates are usually calculated from historical 
cost data, and adjustments based on professional judgement are made for perceived 
differences in quantity, time and complexity. Alternative pricing methods entail the use of 
published price books and the compilation of price rates from first principles. 
This system currently represents the most detailed form of forecasting in general use. 
Because it relates directly to the submission of tenders, an evaluation of differences 
between the quantity surveyor's pricing and that of the successful tenderer is facilitated. Its 
main disadvantage relates to the timing of its application. Because it occurs at a late stage 
in the design process it is ineffective in influencing design. Furthermore, the time taken to 
prepare ~is form of forecast is usually considerably greater than any of the other methods 
discussed. 
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2.4.3 Non-traditional Systems 
(a) General 
Brandon (1984) presents three systems that he believes assist in modelling the approach 
used by an expert in compiling a price forecast. These are simulation, regression anal
ysis 
and expert systems. 
f 
The utili~ation of various statistical averaging techniques to prepare estimates of pric
e, is 
considered by Keating (1977), to be of considerable importance. He further states that 
"statistical averaging techniques produce higher overall accuracy than detailed estimating 
techniques based on a great many assumptions". The validity of this statement is not 
considered in this document, but the importance of these systems is signified by this 
opinion. 
(b) Statistical models 
(i) Regression models 
During the 1970's and the first half of the following decade, regression models emerg
ed as 
the most popular statistically based technique with researchers such as Tregenza (1972), 
Kouskoulas and Koehn (1974). McCaffer (1975), Flanagan and Norman (1978), Reynolds 
(1980), Bowen (1982b, 1984) and others writing at length on the subject. 
According to Makridakis (1978), the purpose of regression analysis foree:asting is to predict 
a dependent variable by ascertaining how it relates to one or more independent variab
les. 
When a prediction is made on the strength of a single independent variable, simple 
regression is appropriate. However, if additional independent variables are used, mul
tiple 
regression analysis is suggested. The mathematics of simple and multiple regression i
s not 
dealt with in this dissertation, as it is extensively covered in other publications (Makridakis, 
1978; McCaffer et al., 1984; Barron and Target, 1985; Wheelwright and Makridakis, 
1985). 
~ While regression models are suitable for application throughout the design stage, they are 
considered most valuable in the earlier stages when minimal design information is 
Chapter 2 
available. The main limitation of the technique is the need for the user to possess an I 
adequate grasp of the science of statistics (Bowen and Edwards, 1985a). 
(ii) Parametric estimating 
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Several researchers, including Nadel (1967), Meyret (1969), Tumarkin (1971), Paige 
(1979), Krieg (1979), and Black (1992) have published documents on the theory and 
application of parametric price forecasting. The underlying principle of parametric 
forecasting is that there is a definite relationship in the ratio or proportion between the 
average price of a particular unit, element or component and the price of the complete 
building. For example, structural steel costs may be related to the gross area supported, or 
drywall costs to the internal area. The investigation by Tregenza (1972) into the 
relationship between building height and cost depicts a particular example of the 
applicability of this technique. 
Parametric price modelling displays several advantageous features such as the speed in 
which a forecast can be produced, and the ability to produce a forecast without reference to 
drawings as long as the factors which affect building prices are known, together with 
details of building size, height, etc. Paige (1979) indicates the primary disadvantages as 
being its inability to reflect the prices of the various elements of the system, and the need 
for an extensive source of price data for effective usage. 
(iii) Monte Carlo simulation 
Monte Carlo simulation is not regarded as a pure forecasting method, in the sense that it 
may be applied ir:t conjunction with many of the previously identified estimating techniques. 
Flanagan and Norman (1982a) assert that use of the technique enables the relationship 
between an estimated price and the chance or probability of the tender price deviating from 
that amount to be reflected. In addition to identifying the probable price range, the method 
provides an indication of the risk and uncertainty associated with an estimate. 
The study by Bennett and Ormerod (1984) demonstrates that the results of simulated tests 
conducted were better than those predicted in other ways. Mathur (1989) supports the use 
of simulation by expressing the view that in the prediction of building costs, so many 
variables are probabilistic in nature that realistic mathematical models will be too complex 
to be of practical value. 
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(iv) &pen systems 
Expert systems may be viewed as a 'modell
ing environment', rather than as a forecasti
ng 
technique, and as such will not be explained
 here in detail. 
Brandon (1984) states that the expert system environm
ent can be compared with a computer 
environment, which allows rules to be set u
p which lead to goals or conclusions. Howe
ver, 
expert or intelligent knowledge based system
s have two characteristics which distinguish
 
them from other computer programs. Firstl
y, they attempt to build in 'rules of thumb' 
(heuristics), and beliefs held by the experts in the field
. Further, they should, in theory, 
have the capacity to 'learn' new rules as th
ey are used. (Raftery, 1990) 
No expert system packages are known to be
 in use by practitioners in the South African
 
construction industry as yet. The well know
n ELSIE expert system package, available f
rom 0 
the Royal Institution of Chartered Surveyor
s, has been acquired by several universi:
J 
departments for research, and possible deve
lopment purposes, but immediate applicatio
n ...... 
within the local construction industry appea
rs unlikely. ~ 
2.4.4 Resource based models 
As discussed by Ferry and Brandon (1991), resource-
based models are concerned with the 
duration of construction, the resources emp
loyed, the sequence of events, and the inter
-
relationship between activities. It is suggest
ed by Flanagan (1980), that any system 
incorporating operational information will 
provide a more reliable basis for price 
forecasting. 
Two forms of resource-based price models 
are critical p~th models and activity bills. In
 
both instances, the forecaster needs a detaile
d program of the project before the forecast is 
conducted. In a critical path analysis a project is divided 
into activities of short duration, 
thus enabling each activity to be scheduled 
and priced in a logical manner. 
Problems facing the further implementation
 of resource modelling include the need for
 the 
provision of reliable data to be made freely 
available, as well as the acquisition by 
professional consultants of the knowledge b
ase relating to resource planning . 
• 
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2.4.5 Usage of estimating systems 
Limited research has been undertaken to establish the extent of use, and the stages du
ring 
the building procurement system of implementation of the various estimating techniqu
es 
identified. The lack of such information relevant to the UK is especially surprising in
 the 
light of the amount of research conducted there in the field of building economics. 
Bowen (1982a), in a limited postal questionnaire in Edinburgh, found that at sketch design 
stage the approximate quantities method of estimating is the most popular (57%), with the 
rate per superficial floor area (27%) being the second most popular. 
Billett (1990), in a questionnaire sent to all quantity surveying practices in South Africa, 
attempts to establish the usage patterns for the commonly identified price forecasting 
methods. The summary of the 73 responses received is given in Table 2.1. 
TABLE 2.1 ESTIMATING SYSTEMS USED AT DIFFERENT DESIGN STAGES
 
' 
( Adapted from : Billett, 1990) 
-------
-------
-
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It is noticeable that an exceptionally large number of respondents indicate the
 use of the 
"unit rate" system at the inception stage. Billett does not comment on this fin
ding, but a 
possible reason for the popularity of the 'unit rate' method is that certain of 
the public 
sector clients establish project budgets for initial project approval on the basis · of "cost 
norms". The superficial floor area method is clearly the most widely used sin
gle-rate 
estimating system. However, in the main, this form of estimate is limited to 
the early 
design stages. 
The approximate quantities and elemental estimating methods are used exten
sively in both 
the preliminary design stages, and during the design development once detail
ed information 
becomes available. The approximate quantities method is used marginally m
ore often than 
the elemental system in the latter stages of design development. Even though
 firms were 
given the opportunity to identify whether they employed other estimating me
thods such as 
the non-traditional systems previously discussed, no evidence of utilisation w
as indicated. 
In a questionnaire sent to all quantity surveying practices in South Africa on
e year later, 
Bowen (1992) had a slightly better response of 99 firms. Bowen's questionnaire dealt with 
the use of price forecasting methods in greater depth than Billett's, indicating
 specifically 
identified and defined alternative estimating methods. His findings are simila
r to those of 
Billett (1990), but indicate a clearer preference for the approximate quantities method. 
According to Bowen (1992), the forecasting techniques most widely used by quantity 
surveyors at the various stages of the design process are: 
* inception stage - superficial area 
* appraisal stage - elemental and / or approximate quantities 
* design concept stage - elemental and / or approximate quantities 
* design development stage - approximate quantities and / or elemental 
* documentation stage - bills of quantities 
It is noticeable from the study of Bowen (1992) that very few quantity surveyors use non-
traditional systems such as the statistical models, simulation or resource-base
d methods of 
price forecasting. In this regard, Wills (1990) points out that the business world is 
becoming more and more familiar with decision theory techniques which are
 inherently 
probabilistic. He asserts that, in order to satisfy the needs of clients conversa
nt with such 
techniques, probabilistic techniques will dominate the future construction ind
ustry's 
decision-making processes. 
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2.5 CONCLUSIONS 
Price forecasts are used for a variety of purposes by both the client and
 the design team. 
An estimate should contain a balanced amount of detail in relation to th
e quality of the 
estimate requirements, and should be aimed at serving the needs of the
 end-user in the best 
possible fashion. 
Client b9dies in South Africa have recently indicated that there is some
 dissatisfaction with 
the accuracy of estimates. Since one of the primary objectives of price forecasting is to 
present the client with reliable cost advice, the need to investigate mea
ns of improving this 
service is clearly established. 
Traditional estimating techniques can be divided into single-price rate, 
and multi-price rate 
methods; all these methods are however, of a detenninistic form. Non-traditiona
l systems 
generally have a foundation in statistical theory, and extend the options
 available to 
incorporate probabilistic principles. 
Skitmore (1985) surprisingly, comments that a justifiable approach to the problem of 
attaining better estimating performance is to change the emphasis from
 the investigation of 
new methods of forecasting, to the examination of better utilisation of 
estimating methods 
currently employed in practice. 
This dissertation specifically considers aspects relating to price forecast
ing at the tender 
stage of projects. It is argued that recognition of the factors aff~cting estimating 
performance at this stage, can lead to an improved potential for a relia
ble price forecasting 
. 
. 
service to be instituted at earlier stages of design. 
000000000 
3. THE DESIGN PRICE FORECASTING ENVIRONMEN
T 
#He only moves towards pe,fection of his art whose criticism surpasses his 
achievement" : Leonardo da Vinci 
3.1 INTRODUCTION 
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In the p~evious chapter, the background against which the pric
e forecasting activity during 
the pre-tender stage of a project takes place is described. While this study emph
asizes those 
factors affecting estimating accuracy at the tender stage, certa
in conditions can be identified 
which influence performance throughout the design process. I
t is to these areas that 
professional skill and expertise should be directed if the critic
al challenge described by 
Davis Langdon and Everest (1991) to #improve the accuracy of early cost advice and 
market forecasts", is to be realised. 
A fundamental requirement for the provision of a satisfactory
 price forecasting service is 
the availability of adequate cost/ price data information. In o
rder to establish the potential 
impact on local quantity surveyors' estimating proficiency th
e availability of such data in 
South Africa is critically examined. The utilisation of feedbac
k from completed estimates is 
a further aspect of data that is investigated. This activity is co
nsidered by prominent 
researchers to be one of the most important 'factors' involved
 in the provision of price 
forecasts (Skitmore, 1985). 
The structure of estimating systems commonly adopted is def
ined in order to differentiate 
between budget allocation procedures, and price predictions a
ttempting to represent an 
anticipated project tender. In using the procedure, the estimator needs to be awa
re of the 
significance of major areas of forecasting uncertainty, such as tender variability
. and the 
inherent variability of different estimating techniques. An ove
rview of these considerations, 
indicating some of the problems faced by the estimator at any
 stage of project design 
development, is provided in the following paragraphs. 
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3.2 STRUCTURE OF ESTIMATING SYSTEMS 
3.2.1 Forecasting theory 
The selection of a forecasting method depends on factors such as the context o
f the 
forecast, the relevance and availability of historical data, the degree of accurac
y desirable, 
the cost/benefit (or value) of the forecast to the firm, and the time available for making the 
evaluation. Georgoff and Murdick (1986) comment that balancing the advantages and 
disadvantages of techniques with regard to a situation's limitations and require
ments is an 
intimidating but vital management task. 
There are three basic types of forecast - qualitative techniques; time series ana
lysis and 
projection; and causal models (Barron and Target, 1985). Qualitative methods are based on 
judgement using qualitative data and may or may not take the past into consideration. They 
are distinguished from guesses by their systematic nature. Time series forecast
ing methods 
focus entirely on patterns and pattern changes and involve predicting future va
lues of a 
variable from observations of its historical behaviour. Causal methods involve
 the 
identification of a leading variable which has a causal relationship with the va
riable being 
studied (Chambers et al. - 1971). As with time series analyses, the past is important to 
causal models. 
3.2.2 Defining estimating procedures 
Several attempts have been made to define the differing estimating procedures
. While 
Seeley (1983) mainly differentiates between single purpose estimates and dual purpose 
estimates, Ashworth and Skitmore (1982) recognise traditional methods which can be of an 
approximate, analytical or operational nature, and computer-aided models which are eit
her 
based on traditional techniques or have a statistical basis. Bowen and Edwards
 (1985a) 
reflect a different view by indicating that the various techniques manifest eithe
r a 
historical-detenninistic or inferential-relational approach. 
l 
Wills (1990) groups estimating techniques into two categories; methods in common use in 
current practice and methods used in research circles but not in current practic
e. Beeston 
(1983) elaborates on this aspect of cost model identification by stating that there are two 
distinct ways of representing costs: the realistic and the "black box" approache
s. The latter 
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approach is most commonly used by design price estim
ators. He concludes by stating that 
"their only justification is that they work". However, no evidence in support
 of this 
statement is provided. 
An indication that the quality of price forecasting syste
ms presently used can be improved, 
is provided by the numerous researchers investigating 
alternative forecasting techniques. A 
unique classification system, based on a three-dimensi
onal framework including data, units 
of measurement and usage has been described by New
ton (1989). In later research into 
emerging trends in estimating techniques, Newton (1991) proposes
 a set of 'descriptive 
primitives' (a 'descriptive primitive' is described as a generally acc
epted label or term), for 
establishing a formal classification system as a basis fo
r future cost modelling research. 
In comparison with the theoretical models previously in
dicated, Wilson (1984, p. 24) 
reflects a practical viewpoint when stating: #It is usefal to categorise cost es
timation models 
according to purpose. Thus, they are either tender price pre
diction models or design 
optimisation models. The great advantage of the latter type of model is that m
any of the 
major cost uncenainties are greatly reduced or eliminated. # In this study t
his approach is 
considered as being highly desirable, particularly with
 reference to the matter of analysis of 
estimating accuracy. 
Estimating accuracy depends in part upon the stage of
 design development. Accuracy is 
also a function of the degree of project cost control (Rapier, 1990). It 
follows, therefore, 
that where the design of a project has not progressed to a fairly advanc
ed stage, it is 
unreasonable to expect an accurate definitive estimate 
of price to be based upon the final 
design. Therefore it is suggested herein that, in order 
for the true nature of early design 
stage cost reports to be clear to the users thereof, estim
ators should refrain from using the 
normally recognised terms price forecast or cost estimate' for these cost repo
rts. 
A number of authors, although using differing termino
logy, have suggested that there are 
conceptual divisions in usage and required accuracy ra
nges between estimates produced at 
the feasibility, preliminary design, and tender docume
ntation stages (Layshook, 1969; 
Marr, 1977; Fiske, 1981; Clark and Lorenzoni, 1985; 
and Horner, 1991). 
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Three types of 'estimate' are defined in the Cost Engineer's Note
book, published by the 
American Association of Cost Engineers (AACE). These are: 
a) Order of magnitude repons. Those done during the initial planning stages to assess 
project feasibility. (Anticipated accuracy range of -30% to +50%). 
b) Budget authorisation schedules. Provided where detailed design is only 5% to
 20% 
complete. (Expected accuracy range -15% to +30%). 
c) Definitive estimates. These are produced on occasions after at least 20% of the 
detailed design is completed. (Expected accuracy range -5 % to + 15 % ). 
The above approach can be criticised on the basis that while the m
easure of "accuracy" is 
not identified, it still implies that these are 100% probability ranges. In
 addition, the design 
level after which "definitive estimates" are produced is a debatabl
e issue, particularly if one 
accepts Humphreys and Wellman's (1986) definition of an estimate as "An eva
luation of 
all the costs of the elements of a project or ejfon as defined by an agreed-upon scope". 
Huxley (1991, p. M.1.1) strongly supports the division of purpose related forms
 of 
estimating by saying " ... this writer believes that the definitive estimate is different from a 
"pre-tender" building construction estimate. A pre-tender estimate is based
 upon 100 
percent complete working drawings and specifications." 
Gonzalez et al. (1988) offer a different opinion, by referring to the project estimating
 
requirements of an oil company in Venezuela. They view the cos
t reporting procedure in a 
similar manner to that of the AACE, the estimate reports being te
rmed screening, budget 
and fair price estimates. Their fair price estimates, which can be c
ompared with definitive 
estimates in the AACE model, are however only produced once a
t least 80 % of detailed 
design has been completed. This degree of preparation identifies w
ith the previously stated 
l 
definition that the design should have reached a "fairly advanced 
stage" before a definitive 
estimate should be identified as such. 
The above indicates a substantial support for the opinion of Benne
tt et al. (1981), who 
contend that the early stage estimates should be regarded as budge
t figures, within which 
costs should be controlled, rather than cost predictions. 
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3.3 UNCERTAINTY IN THE PRICE FORECAS
TING PROCESS 
By reason of the vast nature of the subject, the commentary on all
 decision theories related 
to the assessment of uncertainty and risk is confine
d to a general overview of the topic. 
Similarly, the review of probability and statistical c
oncepts supporting many contemporary 
risk management techniques, is limited to those asp
ects pertinent to acquiring a broad 
understanding of the subject matter. 
3.3.1 The decision making process 
Although the recognition of the concept of uncerta
inty occurred approximately 60 years 
ago, Higgin and Jessop (1965a,b) were among the first to docu
ment the nature of 
uncertainty in the building industry. In a report pub
lished by the Tavistock Institute of 
Human Relations in 1965, they refer to the two ma
jor characteristics that need to be 
incorporated in any model of the building process a
s 'independence' and 'uncertainty'. 
Authors such as Byrne and Cadman (1984), Beeston (1986), M
arshall (1988), Skitmore 
(1989), Toakley (1989) and Newton (1991) have subsequently 
addressed specific aspects of 
the subject within the context of the property market. 
Ashworth and Skitmore (1982, p. 10 - 11) in evaluating the un
certainty associated with 
price forecasting state: 
·The construction process is characterised by complexity a
nd uncenainty ... It is 
noted that in a state of complete uncenainty, forecasting fails by definitio
n ... It is 
apparent that the dominating presence of uncenainty in the construction 
process 
militates against the production of accurate forecasts of costs by numeric
al analysis 
and synthesis alone, in the conventional objective sense.· 
This view is widely supported, and writers such as
 Porcher Miles (1980), Owen and 
Nabors (1983) and Bowen (1984) contend that deterministic es
timates incorrectly imply 
absolute accuracy. 
Construction work necessarily involves uncertainty
, in addition to containing an element of 
risk. However, the need to distinguish between risk
 and uncertainty is not universally 
accepted. Whereas authors such as Whittaker (1973), Byrne an
d Cadman (1984), Bowen 
and Edwards (1985b), and Flanagan and Stevens (1990) differ
entiate between risk and 
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uncertainty in construction contracting, the term
s are often used interchangeably by others 
such as Hillebrandt (1985). 
Several definitions of the two terms are suggested
 by the above authors, the main argument 
being that uncertainty arises where the occurrenc
e of an event can be reasonably anticipated 
but the magnitude is indeterminate. Bennett and O
rmerod (1984) further interpret · 
uncertainty as comprising interference (e.g. those external fa
ctors affecting the project 
which disrupt work on a particular task), and variability (wh
ich typically refers to the rate 
of productivity with which work is executed). In contrast, St
evens (1992) identifies risk as 
a quantifiable element that may be calculated in t
erms of the probable outcome of a , 
decision. 
Whilst cognisance is taken of the opinion that th
e terms should be separately identified, the 
terms are used interchangeably in this study, both
 indicating the extent to which the actual 
outcome may differ from what is initially anticipa
ted. 
Price forecasts as reported to clients, traditionally
 reflect a single predicted sum of money 
without reference to risks or uncertainties. If unc
ertainties are reflected, they are typically 
addressed by qualifying statements that indicate i
nclusions and exclusions from the 
estimate. This procedure does not, however, qua
ntify the extent of the uncertainty. The 
most commonly used method of allowing for unc
ertainty in estimates is to simply add on a 
percentage figure to the calculated estimate of fin
al cost as a design contingency. Hayes et 
al. (1987) claim that this rather unsophisticated yet widely u
sed approach has a number of 
weaknesses: 
a) The percentage figure may be arbitrarily arrived at and no
t appropriate for the proposed 
project. 
b) There is a tendency to double-count risk because some est
imators are inclined to include 
contingencies in their 'nett' estimate. In addition, c
onsultants providing Provisional 
Sums for specialist services often include undecla
red contingencies within the estimates 
of cost for their particular section of work. 
c) A percentage addition still results in a single-figure predic
tion of estimated final price, 
implying a degree of certainty that is not achievab
le. 
d) Because it only reflects the potential for detrimental or "d
ownside risk", the approach 
does not offer potential for price reduction, and m
ay be used to conceal inadequate 
management performance. 
I 
\ 
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The quantitative analysis of risk is an even greater pr
oblem. Hawkins and Solomon (1989) 
point out that the variety of uncertainty in the constru
ction industry means that, in 
mathematical terms, the analytical methods of risk ana
lysis drawn from classical probability 
theory cannot be used in a general way. 
The 'paradigm shift' referred to by Brandon (1982), has led to a g
reater emphasis being 
placed on the probability of the outcome of the foreca
st, rather than the deterministic 
approach that has been followed in the past. Newton (1991, p.102
), in assessing the 
uncertainty associated with predictions comments: 
"The nature of cost is known to be uncertain. The only question is whether th
at 
uncertainty is best formally assessed in the model, or dealt with intuitively by
 the 
user. The classification here distinguishes between those models without a fo
rmal 
measure of uncertainty (deterministic) and those with (stochastic). Formal m
easures 
of uncertainty may be such metrics as the associated coefficient of variation 
(as in 
regression analysis) or the cumulative frequency distribution (as in Monte Ca
rlo 
simulation). " 
Birnie and Yates (1991) illustrate potential hazards associated with
 judgements made 
intuitively when noting that it would seem unlikely th
at cost prediction in construction 
should be immune from common biases such as represe
ntativeness (people attach much 
more significance to certain stimuli than to others); availability (b
ecause of limited memory 
capacity, people depend on associations which are not
 reliable), and adjustment and 
anchoring (this refers to the process of using a previous piece of i
nformation as an anchor 
point and then adjusting from same to take account of any special con
siderations). 
The greater the risk and uncertainty in the financial ou
tcome, the greater the need for using 
the formal techniques of decision/ risk analysis. Deci
sion analysts argue that by using 
formal methodologies in decision-making, less bias an
d better judgements result. 
3.3.2 Measurement of uncertainty 
Probability theory is introduced into the evaluation pr
ocess as a means of measuring 
uncertainty which cannot be expressed in single figure
 terms. Probability concepts applied 
to risk appraisal intrinsically involve estimating the a
nticipated prospect of an event 
occurring, and determining a probability distribution 
which reflects the entire occurrence of 
probabilities and likely frequencies. 
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Beeston (1983) contends that estimates and estimating error
s, when expressed as 
proportions of the target, usually conform to the
 "normal distribution". Although other 
researchers such as Skitmore (1988a) question this view, Be
eston's opinion forms the basis 
upon which arguments in this dissertation are pre
sented. Stacey (1980) states that the larger 
the range of uncertainty for an event, the less li
kely it becomes. He also recognises that the 
distribution is symmetrical about the average val
ue. This condition is illustrated in Figure 
3.1. 
Furthermore, if Monte Carlo simulation type ap
proaches are adopted, the central limit 
theorem is recognised as being applicable (Flanagan et al., 
1989). The central limit 
theorem states that as the sample size is increase
d, the sampling distribution of the mean 
approaches the normal distribution regardless of
 the form of the population distribution. 
likel ihood 
likelihood 
Actual cost likely 
within this range 
Cost 
Small range of uncertainty 
FIGURE 3.1 PROFILE OF UNCERTAINTY R
ANGES 
( Adapted from Stacey, 1980 ) 
Actual cost less likely 
in these parts of the range 
.............
.. 
. . 
. . 
. . 
Wider range takes account 
of less likely happen ings 
Cost 
The graph of the likelihood of the cost being a c
ertain amount could be plotted as a 
histogram, or more conveniently this could be ap
proximated by a continuous curve as 
indicated in Figure 3.2. 
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likelihood or cost 
being Rx 
Bar chart 
Cost Rx 
likelihood ol cost 
being Rx 
Cost Rx 
Informat ion i n bar chart • 
approximated by a continuous 
curve 
FIGURE 3.2 ALTERNATIVE PROFILES OF UNCERTAINTY RANGES 
( Adapted from Stacey, 1980) 
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With a "normal" distribution the established measure of potential variability is the 
"standard deviation". When this measure is expressed as Rx about the central value, ab
out 
68 % of outcomes fall within its range. Furthermore, two standard deviations each side of 
the central value include 95 % of all outcomes, and three standard deviations include 
99.75% of all outcomes. This is graphically portrayed in Figure 3.3. 
-4 
Shaded area 
t 
0 
Number of standard deviations 
(measured from arithmetic mean) 
•t 
2 3 4 
FIGURE 3.3 THE NORMAL DISTRIBUTION AND STANDARD DEVIATIONS 
(Source: Beeston, 1983) 
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Measuring uncertainty in standard deviations re
flects a precise range of uncertainty. It also 
provides a suitable method of presentation and 
analysis of data in estimating. 
3.3.3 Variability of tenders 
An important contributor to the difference betw
een the quantity surveyor's forecast and the 
lowest acceptable tender is the variability of th
e lowest bid. To deduce this, the nature of 
the environment within which the tendering act
ivity occurs needs to be considered. This is 
followed by an examination of the reasons for 
and extent of the variability of tenders 
between.contractors bidding for the same contr
act. 
Raftery (1990) suggests that the characteristics of a perfec
t market include: 
(a) A large number of buyers and sellers, so that each tran
saction produces a very small 
share of total output. 
(b) Free entry to the market. 
(c) Perfect knowledge of the prices and quantities sold in 
all transactions. 
The perfect market criterion of a large number
 of suppliers is seldom met in the 
construction industry. One of the foremost reas
ons is the highly fragmented structure of the 
construction industry, construction work being
 segmented by factors such as size of the 
firm, geographical area and the type of work. 
There is seldom 'perfect knowledge' due mainl
y to the tendering methods generally 
utilised. In the context of the theory of price de
termination, bidders have no information 
about the prices being asked by their competito
rs. 
Hindle (1991) notes the distinct growth of the institutiona
l clients and the decline of the 
public sector client in South Africa over the pa
st decade. His analysis of information, 
derived from the Bureau of Economic Research
 - Stellenbosch University, reflects a clear 
shift from open bidding to selected tendering a
nd negotiation. Quantity surveyors' 
responses to his national survey, which are ind
icated on Figure 3.4, indicate that this trend 
is likely to continue in the future. This tendenc
y will undoubtedly hinder the prospect of 
promoting "free entry to the market" for tende
rers. 
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FIGURE 3.4 QUANTITY SURVEYORS PREDICTION O
F TENDER METHODS 
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( Adapted from Hindle, 1991 ) 
Flanagan _and Norman (1985) indicate that variability in ten
der pricing is to be expected 
because main contractors do not have perfect kn
owledge of the direct costs of a building 
contract. They submit that even if tenderers hav
e perfect knowledge of the direct costs that 
they incur in undertaking a contract, tender pric
e variability can arise as a consequence of 
the normal practice of subcontracting parts of bu
ilding contracts. 
Flanagan and Norman (1985, p.156) observe: 
"Increasingly, the proportion of work undenaken by the contractor's o
wn directly 
employed operatives is becoming smaller. . . Men comp
iling his estimate, the 
contractor may not necessarily always choose to incorp
orate the lowest bid for any 
particular subcontract work package. Tender price var
iability by the main contractors 
is, therefore, likely to arise simply because they employ different subc
ontractors and 
split the contract into different subcontract work packages. " 
Writers such as Fine (1974), Beeston (1975), Ashworth and
 Skitmore (1982), Runeson and 
Bennett (1983)/Hodgetts (1987), Newton (1991), and Bett
s and Brown (1992), comment 
on the wide distribution of prices between the lo
west and highest tenders submitted on 
projects. Such differences are attributed to factors such as diff
erent cost structures of the 
tendering firms, disparate competitive strategies
, and familiarity with the particular type of 
projects or markets. Runeson (1988, p. 364) also expresses the
 commonly held view that: 
"Some bids are undoubtedly based on mistakes in the co
st estimates while others are 
so-called 'cover bids' not intended to win the contract 
and therefore above the 
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expected price and submitted to recover d
eposit moneys or to 'keep faith' with the 
issuing authority or consultants. " 
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Skitmore (1981) asserts that, because it is imp
ossible to predict the lowest tender w
ith any 
certainty, the best that can be achieve
d is a range of values within which th
e lowest tender 
can be expected to fall. The research 
undertaken by Beeston (1983) indicates that a
 typical 
distribution of competitive tenders fo
r the same contract is almost symmet
rical and closely 
approximates the normal distribution.
 He notes that while there is usually a
 very slight 
skewness to the right, this is so insig
nificant that for practical purposes it 
can be ignored. 
It is frequently theorised that tenders a
re comprised of two major, mutually exclusive 
elements, namely the estimate of act
ual cost to the contractor plus the ma
rk-up required. 
The resultant possible combinations o
f these elements, as modelled by Skit
more (1981), is 
shown in Figure 3.5. Mark-ups are as
sumed as being drawn from a distribu
tion between 
0% and 15 % . The mean is indicated a
s 7~ % with variability in the cost es
timate of 10% . 
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FIGURE 3.5 EFFECT OF COMPON
ENT VARIABILITY ON TENDER 
VARIABILITY 
( Adapted from Skitmore, 1981 ) 
Model 1 represents the tender value a
s a single determinable figure wherea
s models 2, 3 
and 4 are probabilistic in the sense th
at a range of prices is realised. Mode
l 1 demonstrates 
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a theoretical but impractical situation where
, as a result of the cost estimates and mark
-up 
being fixed for each tenderer, identical tend
ers are attained. Model 2 indicates the 
traditionally held view that all cost estimate
s are assumed to be equal, whilst model 3 
illustrates the alternative position where the
 cost estimate is variable and the mark-up i
s 
fixed. Since it is considered unlikely that th
ese variables would be identical for differe
nt 
tenderers, the models are regarded as practi
cally inappropriate. Model 4, which is rega
rded 
as representing the situation closest to that 
found in reality, indicates the composite po
sition 
where both the_ cost estimate and mark-up a
re considered as variables. 
The above model, whilst possibly being per
ceived as too simplistic, does illustrate the 
potential for variability of tenders as well a
s providing an indication of the complex n
ature 
of the product for which the quantity surve
yor is required to forecast a final cost. 
3.3.4 Estimating variability 
Morrison (1984, p. 66) highlights one of the central p
roblems faced by quantity surveyors 
in improving the accuracy of their estimate
s when stating: 
"The imponance of the variability in the lowest tenders receiv
ed in competition lies in 
the/act that quantity surveyor's estimates of these tenders can
not, except by chance, 
be more accurate than this variability. If quantity surveyo
rs were able to estimate 
consistently at a price level equivalent to the mea
n of the lowest tenders, then the 
accuracy in estimating would be identical to the 
variability in lowest tenders n. 
Just as contractors' estimates vary, so diffe
rent quantity surveyors produce different 
estimates for the same work. The term 'est
imating variability' ~Hudes to the variabilit
y 
found in the price forecasts recorded by a n
umber of quantity surveyors when perform
ing 
the same estimating task, using currently a
cceptable methods and having access to com
mon 
data. 
Most traditional price forecasting systems c
omprise two stages, i.e. the quantification
 of the 
design and the pricing of the measurements
 generated. Since most of the estimating 
methods previously reviewed are not subject to formal s
ystems of measurement, significant 
variability in the quantification function per
formed could arise. The paucity of referen
ces to 
this issue in the literature survey indicates a
 potential for research in this area. 
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Because bills of quantities are usually 
compiled in accordance with formalise
d instructions 
such as the Standard System of Measu
ring Building Work in South Africa (1991), the
 
potential for variability in measuremen
t is greatly diminished. Notwithstandin
g, research by 
Fine and Hackemer (1970) reveals that both bil
l rates and bill quantities are extremely
 
variable. 
As each building project tends to be a unique even
t, it is virtually impossible to establish
 
the variability or otherwise of estimate
s in practice. The limited research und
ertaken in this 
field has therefore concentrated on util
ising the 'experimental method' in a la
boratory type 
situation: However, the experimental 
method is subject to criticism with respect to the 
inability in recreating the competitive 
environment in which estimators norm
ally work. 
Ashworth et al. (1980) tested the ability of nine
 contractors' estimators to forecast the
 cost 
of bricklaying by comparing their fore
casts with actual performance on seve
ral completed 
projects. The results of the investigation indicate t
he highest estimate as being 1.88 time
s 
the lowest forecast and the mean estim
ated figure to be in excess of 27 % high
er than the 
actual cost. 
One of the few attempts to measure fo
recasting accuracy of quantity surveyo
rs under 
experimental conditions is that conduc
ted by Skitmore et al. (1990). A total of 60 
estimators were split into three groups
 of 20. Each group was allocated 5 speci
fic 
construction contracts depicting the dis
tinctive groupings of housing, factory 
and office 
contracts. Forecasts based on a rate pe
r superficial area basis and reflecting 4
 distinct 
information availability conditions, we
re undertaken. The forecasts reflected 
estimates 
derived on the basis of: (i) no additional inform
ation; (ii) details of the contract type only; 
(iii) 5 random pieces of contract information, a
nd (iv) 20 items of contract information. It 
was found that significantly different f
orecast results were obtained between 
contract types 
and all specific contracts at all informa
tion levels. 
In practice it is usual for quantity surv
eyors to use price data generated from 
previous 
lowest tenders (Property Services Agency, 197
9) for estimate pricing. Morrison ( 1984) 
notes that the price level of the data us
ed by the quantity surveyor naturally i
nfluences the 
generation of the price forecast. The e
ffect of this on the variability of the pr
ice forecast 
can be significant. Results published in
 the Second Annual Report of the Prop
erty Services 
Agency (1980) demonstrate that, whilst contrac
tors price construction work in a reaso
nably 
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consistent manner, they adopt many different ways
 of presenting their costs in the bill of 
quantities. 
The only report uncovered which deals with an exp
erimental analysis of variance in pricing 
tender documentation, is that of Jupp and McMilla
n (1981). Their study required three 
estimators to price bills of quantities from a contro
lled data source of five bills of quantities 
for similar previous projects. Compared with previously published
 reports of empirical 
studies, the level of accuracy as measured against 
the accepted tender was poorer than that 
which the researchers anticipated. In addition cons
iderable variation between the total 
prices forecast was evident. 
Based on the limited evidence relating to the existe
nce of variability in quantity surveyors' 
estimates, indications are that the extent of the pro
blem could be significant. There is 
therefore a clear need for further research to be co
nducted into this subject. 
3.3.5 Range estimates 
A major conclusion of a report by Hayes et al. (1987) is that "mo
re effort should be 
devoted to risk management as a continuing activity thro
ughout the life of a project. " The 
implementation of a risk management system durin
g the design development phase of any 
building project should ideally be structured in a style that enables
 the identification, 
control and exposure of risk on a systematic basis 
as a continuing activity throughout the 
life of a project. 
Monitoring the effectiveness of price forecasts is 
undoubtedly facilitated when 
contingencies and tolerances within such estimates
 are clearly linked to specifically 
identified potential risks. 
Ideally the levels of contingency and tolerances tha
t are set in the early stages of a project 
should be sufficient to give a reasonable upper lim
it for the project. As risks and 
uncertainties are removed or reduced, the level of 
contingency allowances should decrease 
accordingly. Figure. 3.6 illustrates the so-called 'to
rpedo' effect of risks on cost 
predictions. This process is well detailed by Barne
s (1974). 
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Case studies and associated work ca
rried out by Hayes et al. (1987) indicate tha
t the 
character of the dominant risks chan
ges as the project proceeds through its stages, 
suggesting that the continuous reduc
tion of risk shown in the torpedo dia
gram may not 
necessarily occur. The likely reason
s for this anomaly are interpreted as
 being caused by 
inadequate risk management in the 
early stages, and the likelihood of n
ew risks emerging at 
a late stage in the project. 
Risk analysis, which is a fundament
al component of risk management, p
rovides the data 
necessary for effective decision mak
ing. The system identifies the most 
likely range within 
which the tender price will fall and 
the probability that it will not exceed
 a given limit. 
Flanagan and Norman (1982a) and Artto (1
988) stress that while risk analysis does not 
improve accuracy as such, it does im
prove discernment of the target area
. 
As previously indicated, many resea
rchers argue that the traditional syst
em of reflecting a 
single deterministic estimate is inap
propriate. Notwithstanding, several 
studies such as 
those of Bowen (1982a), Brandon and Newt
on (1986), Billet (1990) and Bowen (1992) 
suggest that the use of deterministic
 forms of estimating by quantity sur
veyors, particularly 
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the approximate quantities method, is deeply entrenched and
 unlikely to be replaced in the 
near future by probabilistic techniques. 
A possible alternative solution to the problem of furnishing p
rice forecasts which indicate 
uncertainty and risk is provided by 'range estimates'. The pr
ocedure is well established in 
the USA and comprehensively described by authors such as 
Spooner (1974), Haye·s et al. 
(1987), Curran (1988), Stevens and Davis (1988), Artto (1988), Townley 
(1991) and 
Rowland and Curran (1991). 
Range es'timating is not universally regarded as a pure estima
ting system. Curran (1988) 
describes it as "a decision technology which is employed as an adjunct to traditional
 
estimating." Range estimating, which requires the input of the th
ree prices of minimum, 
most likely and maximum, indicates the probability that the 
actual value will be equal to or 
less than the target value. The lowest and highest estimates e
stablish the boundaries of the 
range. The greater the uncertainty, the broader the range. 
In assessing possible alternative methods of predicting constr
uction prices, Ogunlana and 
Thorpe (1990) identify two important considerations. It is anticipated that
 although these 
may have a constraining influence on the rapid implementati
on of probabilistic estimating 
systems, they could support the extended use of range estima
ting. Firstly, to ensure that a 
method is adopted by design cost estimators, it should deviat
e as little as possible from 
current practice. Secondly, any proposal should permit the i
n-house generation of cost data 
as quantity surveyors have been shown to be unwilling to us
e information produced by 
others (Jupp, 1984). 
3.3.6 Detail level of estimates 
The inherent variability of an estimating technique is depend
ent upon three factors 
(Morrison, 1984): 
* the number of sub-estimates which form the total estimate,
 
* the size distribution of the 'items' forming the estimate, an
d 
* the variability of the sub-estimates. 
Many authors have discussed the variability of both individu
al trades and independent items 
(Beeston, 1975; Ashworth, 1983; Mathur, 1982; Morrison, 1984; Raftery
, 1987a; 
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Gonzalez et al., 1988; Hardcastle et al., 1988; Marston, 1988;
). Research conducted by 
the Property Services Agency (1980) clearly demonstrates the possibili
ty of severe 
variability at the micro level, with individual items varyin
g by as much as 100%, even in 
instances where the tender variation is relatively low. 
Researchers such as Ashworth (1983), Skitmore (1988a) and Ogunlana
 (1989) theorise that 
accuracy improves with increasing volume of data incorpo
rated within the forecast, with 
bills of quantities normally containing in excess of 1000 m
easured items (Skinner, 1982). 
l However, Bennett et al. (1981) indicate that the effort expended in p
ricing more than about 
100 items of work is not rewarded by any significant incre
ase in accuracy. These results 
are illustrated in Figure 3. 7. 
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Bowen (1992) comments on the tendency for estimators to use detailed
 forecasting methods 
' at the earliest possible stage of the design sequence. This 
trend, which is presumably 
undertaken in anticipation of greater accuracy being achie
ved, impacts directly on the 
aspect of number and size distribution of items referred to
 by Morrison (1984). 
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Bennett et al. (1981) indicate that there is some danger in this practice by stating that 
" Construction is inherently uncertain and cost can be estimated only within margins 
defined by this uncertainty. Methods of estimating which are more detailed than this 
uncertainty warrants are wasteful." 
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A major factor contributing to the difference between actual accuracy of estimates and what 
is theoretically possible, is the choice of items or elements to measure and price. Thes
e are 
often chosen on the understanding that a large percentage of the total cost is attributab
le to 
a small ~rcentage of the constituent items. The hypothesis underpinning this practice
, 
which is known as Pareto's Law of distribution, represents an adaptation of a theory 
developed by Vilfredo Pareto, an Italian economist, at the end of the nineteenth centu
ry. 
The adapted postulation states that in a situation where a large number of elements is 
involved, a small number of elements (20 % ) contains the greater percentage of costs (80 % ) 
(Kelly, 1987). Several authors (Moyles, 1973; Barnes, 1974; Skinner, 1982), have tested 
the validity of the theory within the context of measured items in construction work. 
More recently, Horner et al. (1986), have described a contractor's estimating system based 
on pricing only the cost-significant 20% of measured work items. They claim that the
re is 
no undue loss of accuracy whilst a considerable saving in time is achieved. The analys
is 
reveals that if the measured work items are ranked highest value first, the removal of
 the 
last 5 % of the monetary value from any contract bill results in a reduction of between 52 % 
3.!1d 84 % of the items originally measured. 
One of the dangers associated with pricing estimates is that it is fairly common for 
_ · reasonably accurate detailed forecasts to be invalidated by a single lump sum additi
on made 
hurriedly, and with little consideration of the resultant cost implications (Bennett et al., 
1981). The 'preliminaries' have been identified as one such area, especially in projects that 
demonstrate great potential variability. 
Although representing only one of the essential components in price forecasting, data 
is the 
cause of much uncertainty. Its reliability and suitability at the various stages of design
 
needs to be greatly enhanced if price forecasting performance is to be improved. 
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3.4 DATA I INFORMATION AVAILABLE TO EST™ATORS
 
3.4.1 Data availability 
Since some part of almost every contract can be expected to lie ou
tside the experience of 
any one estimator, or that of other people with whom they have t
o communicate, .the 
provision of relevant alternative sources of price information is o
f paramount importance to 
the success of the price forecasting function. 
According to Raftery (1984), a forecast will have at least the same uncertainty as
 that 
applying to the data on which it is based. By stating that they repr
esent the most likely area 
for improvement in the performance of their estimating duties, M
orrison (1984) implies 
that the quantity surveying profession uses poor methods of select
ion, manipulation and 
application of cost data. 
Morrison (1984), as cited by Betts and Gunner (1989), further suggests five major fa
ctors 
accounting for inaccuracy in design stage estimates. These are: 
(i) the effect of variability in lowest tenders, 
(ii) the effect of using price data from variable tenders, 
(iii) the inherent variability of the technique used, 
· (iv) the variability due to making adjustments to data, and 
(v) the variability due to imperfections in the price data. 
The pivotal role of price data is emphasized by the above list. Fur
thermore, the final factor 
is considered the most consequential of all five (Betts and Gunner, 1989). 
Price information available to the quantity surveyor is often classi
fied into two main 
categories. These are 'in-house' price data obtained from projects previously handled
 by 
the quantity surveyor's own organisation, and published price info
rmation (Property 
Services Agency, 1980; Stevens, 1983; Ashworth, 1988a; and Fer
ry and Brandon, 1991). 
In-house price data ordinarily consists of priced bills of quantities
 submitted by successful 
tenderers, and project price analyses of previous projects. Price data contained in the
 bills 
of quantities of successful tenderers is generally considered to be 
the primary source of 
price information available to the quantity surveyor in South Afric
a. The reasons for this 
are twofold. Firstly, in terms of the Quantity Surveyors' Act ( Act 36 of 1970 ),
 practices 
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are required to retain all contract documentation for a
 period of not less than three years 
after conclusion of the final account on any project. This requirement
 has the effect of 
forcing quantity surveyors to establish a form of data 
bank, however informally controlled. 
The second reason is the almost complete lack of pub
lished price information in the 
preferred form of reference, namely item rates. 
As previously noted, South African quantity surveyor
s have failed to support the 
establishment of a central research bureau storing elem
ental price data. Furthermore, local 
trade journals do not contain published elemental price analyses such 
as those published 
overseas: Consequently, the only real source of eleme
ntal price data accessible to the 
quantity surveyor in South Africa is that compiled fro
m in-house priced bills of quantities. 
South Africa is, moreover, poorly served by publish~
d sources of price information, other 
than a reasonable distribution of building price indice
s and general economic reviews. Only 
one price book, Merkel's Builders' Pricing and Mana
gement Manual, is produced annually 
and the data included in the overseas price books is u
nsuitable for local use. The dearth of 
locally published price books may, however, not be a
 crucial problem, especially if one 
considers the opinions of Ashworth et al. (1980) and Bennett (198
4). These authors reveal 
that there is great variability between individual rates 
contained in the various price books 
produced in the United Kingdom. 
In South Africa three cost/ price indices for use in th
e building industry are published. 
These are: (a) the Building Industries Advisory Committee's cont
ract price adjustment 
provisions (Haylett Formula - Pl05 l), (b) the Contract Price Inde
x for Buildings (P0153), 
compiled and published by the Central Statistical Serv
ices, and (c) the Building Cost Index 
of the Bureau for Economic Research, University of
 Stellenbosch. A major problem 
relating to the use of these indices is the irregular pub
lication patterns ( particularly that of 
the Central Statistical Services' documentation), and the fact that
 there is an average delay 
in publishing data of between 3 and 6 months. 
A number of local commercial publications reflect the
 present, and forecast the future 
patterns of activity in the building industry. The best-
known are: (i) the quarterly analysis 
of building and construction activity in South Africa, 
compiled and published by the 
Bureau for Economic Research, University of Stellen
bosch, (ii) reports of Medium-Term 
Forecasting Associates C.C., and (iii) Rode's reports on the South
 African property 
market, published by Real Estate Su~eys C.C. 
Chapter 3 
48 
3.4.2 Use of data 
As reflected above, local quantity surveyors have access to a limited number of source
s of 
cost data providing several different types of information. Several studies of the patter
ns of 
usage of such data for forecasting purposes by quantity surveyors have been conducted
 both 
in the UK and South Africa. 
The study of estimators' procedures undertaken by the Department of the Environmen
t in 
the Unit¢ Kingdom (Property Services Agency, 1979), shows that quantity surveyors 
demonstrate a noticeable preference for using price data derived from projects with which 
they are personally involved. Only if the required information is not available from th
ese 
sources are other alternative avenues pursued. Firstly, information from other sources
 
within the same organisation are entertained. These are followed by reference to the B
ritish 
Building Cost Information Service or published data such as price books. 
Another major feature of the estimating techniques is represented by the approach adopted 
by quantity surveyors in the utilisation of cost data. Unit rates used to price a new pro
ject 
are normally derived from a single project. Current practice is to identify a previous 
contract which most closely resembles the project to be estimated, either from the 
surveyor's own files or from the immediate office files, and to price the new project with 
rates taken almost exclusively from the selected priced bill of quantities. 
Ordinarily, the number and diversity of projects that are available from one quantity 
surveying office are not sufficient to provide a satisfactory data base for effective cos
t 
management, including the price forecasting function (Bennett et al., 1981). This sit~ation 
is presumably exacerbated in South Africa, where firms are generally smaller than th
eir 
counterparts in the United Kingdom (Billett, 1990). Additionally, when estimators employ 
a project in their data base which most closely resembles the proposed scheme, it is likely 
that only a limited number of the building's characteristics can be considered. In orde
r to 
allow the majority of items on a new project to be priced reliably from a single completed 
project, a massive data base of information on completed projects is required (Bennett et 
al., 1981). 
Detailed research was undertaken by Jupp (1984), to assess the degree of reliability that can 
be attached to rates in bills of quantities for price forecasting during the design proces
s. 
The research comprised two elements. Firstly, an exercise conducted within the auth
or's 
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own firm on 18 bills of quantities. Secondly, a postal 
questionnaire to quantity surveying 
firms in England. Eighty six firms were contacted and
 responses were received from 49 
organisations. Based on the submitted responses a num
ber of conclusions were reached. 
These included: 
(a) The preference for bills of quantities as the main source of cost
 information is marked, 
although there is also a tendency for referring to more
 than one type of source. This 
contrasts with the research of Bennett et al. (1981) who conclude t
hat bills of quantities 
are almost the sole reference source used. 
(b) Most estimators use more than one reference when bills of qu
antities are used as a data 
source. In these instances appropriate rates are derived
 by interpolation. This represents 
a further contradiction to the findings of Bennett et al. (1981). The
 results of Jupp's 
exercise does, however, indicate that whilst there is an
 improvement in consistency in 
using two bills over one, and in three bills over two, t
here appears to be no advantage 
in using more than three bills. 
( c) Most estimators consider bills as too old to be reliable if they a
re two years old or 
more. This opinion, which is attributed primarily to th
e effects of changes in tendering 
climate and differential inflation on prices, presumably
 indicates a lack of confidence in 
the reliability of price indices normally used for updat
ing purpose. 
(d) Seventy three per cent of the respondents value preliminaries b
y reference to percentage 
preliminaries in other projects. Only abnormal items are priced individ
ually. The 
remainder indicate that they undertake detailed pricing
 of preliminary items on all 
projects (Jupp, 1984). 
Data use studies by Billett (1990), and Bowen (1992) have recently
 been conducted in 
South Africa by means of postal surveys. Both questio
nnaires were submitted to all quantity 
surveying practices in the country. Billett (1990) received 73 replie
s while Bowen's (1992) 
findings are based on the response of 99 quantity surve
ying offices. 
The response to comparable questions incorporated wi
thin the two questionnaires is 
generally similar. In the later study, Bowen investigat
es the availability of data and 
indicates that, with the possible exception of price boo
ks, almost all the firms retain all the 
various forms of price data previously discussed. A si
gnificant feature of Billet's survey is 
the indication that only 23 % of firms have a library of ra
tes for estimating purposes. 
The studies confirm that quantity surveyors demonstra
te a distinct preference for in-house 
data. The most popular form is price rates obtained fr
om bills of quantities and is followed 
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by elemental / component rates derived from pr
ice analyses of previous projects. Both 
studies clearly indicate that rates from previous 
similar projects, obtained from bills of 
quantities and suitably updated, are used extensi
vely by estimators throughout the various 
stages of design. 
One of the few areas of difference relates to the 
use of 'first principle' pricing. Whereas 
Bowen's study reveals that this approach seldom
 occurs, Billet's evidence shows that up to 
38 % of the firms calculate new rates during the 
later stages of the design phase. 
Billett's study also suggests that 'gut-feel' rates 
are used fairly extensively (up to 34% of 
firms indicated its usage) during the inception and feasibilit
y stages of the project. This 
aspect is considered in greater detail when discu
ssing the importance of estimator's 
expertise and experience later in this dissertation
. 
3.S- FEEDBACK / CONTROL MECHANISM
S ON FORECAST PERFORMANCE 
3.5.1 Monitoring design cost forecasts . 
A study of the literature on price forecasting per
formance in the building industry indicates 
that there is a distinct need for the quantity surv
eying profession to pay greater attention to 
the analysis of its performance (Flanagan and Norman, 198
3; Raftery, 1991a). Bennett et 
al., (1981, p. 27) identify this requirement when stating : 
" It follows that good estimating practice will monitor its own perform
p.nce and when 
problem areas are identified, will engage in research aimed at findin
g better methods. • 
The monitoring of performance and provision o
f feedback mechanisms is closely related to 
achieving a desired level of expertise. Ogunlana
 (1991) provides a comprehensive 
commentary to the following questions : 
* Why is the estimator unaware of the magnitud
e of the error made in estimating? 
* Why are tender values not routinely compared
 with estimates? 
* Why are estimators unable to achieve expected
 accuracy levels ? 
The issues involved are psychological in nature 
and concern the learning process at three 
levels. These are, the awareness of errors / mis
takes, judgment of what is to be learned and 
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evaluation of the extent of learning achieved. There appears to be widespread 
ignorance of 
the magnitude of estimating error prevalent in the industry, even though nume
rous 
researchers have written on the subject. 
Ogunlana (1991) suggests that unless inaccurate predictions are brought to the attention of 
the estimator, either by threatening the continuance of the project or eliciting a rebuke to 
the estimator, the need for learning is not recognised. For such an event to oc
cur, the 
extent of deviation from the prediction must be perceived as significant. 
The two .forms of feedback of benefit in design cost estimating are : (i) process feedback 
dealing with the conditions under which the estimate is prepared, and (ii) outcome feedback 
which is limited to the results of tenders predicted by the forecaster. 
Ogunlana (1991) argues that only when tenders differ significantly from estimates are 
detailed cost comparisons undertaken. The significance of this assertion, indic
ating that 
comparisons are made to detect errors in tenders rather than estimates, suppor
ts the view 
that forecasts are regarded as being 'correct' and the tenders, when they differ
 from the 
forecast, are regarded as being 'wrong' (Azzaro, 1976). This contention may be totally 
incorrect, especially when forecasts differ from low bids in a consistent fashio
n (Flanagan 
and Norman, 1983). They argue that design estimators are unlikely to recognise their own 
limitations when concentrating on other people's mistakes. 
Notwithstanding the fact that the collection and analysis of pertinent data appe
ars to be a 
relatively simple task, a number of studies suggest that formal monitoring and
 feedback 
procedures are rarely employed in construction price forecasting in practice (Bowen, 
1982a; McCaffer et al., 1984; Morrison, 1984; Skitmore, 1990a). The failure by 
practitioners to recognise that a consistent error trend has developed in their e
stimating 
performance is attributed to the absence of a critical examination of estimating
 performance 
(Morrison, 1984). 
Few papers examine the development of monitoring and feedback systems for
 assessing 
forecasting performance and, in particular, providing advance warning of con
sistent bias 
that may characterise building price estimates. In the development of any such
 system, a 
prime consideration should be simplicity of use if it is to gain acceptance by th
e quantity 
surveying community. 
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Rapier (1990) proposes a system of analysing estimates at separate stages 
of design with 
special emphasis placed on establishing possible bias. The re
commended procedure is based 
on the North American style of building procurement, and i
s more suited to projects 
planned without the use of bills of quantities. Formally stru
ctured systems of staged 
approvals of estimates as employed by an Australian govern
ment department (Wi!son et 
al., 1987), and similar client bodies elsewhere, do in effect establish a fo
rm of 
performance appraisal. 
Two reports which can be applied in the South African cont
ext have been compiled on 
control systems (Beeston, 1983; Flanagan and Norman, 1983). The syste
ms are examined 
in the following paragraphs. 
3.5.2 Control analyses 
3.5.2.1 Control charts 
Control charts which were originally devised for monitoring
 quality in production processes 
(Beeston, 1983), have subsequently been successfully adopted by many in
dustries, thus 
demonstrating the potential for use in the field of forecasting
 (Lau and Lau, 1986). 
(a) Error graphs. 
A simple form of recording performance is proposed by Be
eston (1983). The graphic 
illustration, which is shown in Figure 3.8, represents a prof
ile illustrating the differences 
between estimate and lowest bid, as well as indicating the v
ariance from established 
estimating norms if the long-run mean error and probable u
pper and lower limits of 
acceptable performance are incorporated. 
Ordinarily, two sets of limits are indicated on the graph, the
 outer limits being designated 
1 
action limits, and the inner being described as warning limits. If the 
percentage difference 
between the estimator's forecast and the lowest tender rema
ins within the defined limits, 
the estimating process is regarded as being under control. If not, t
he process is taken to be 
out of control, requiring remedial action to be taken. 
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FIGURE 3.8 A CONTROL CHART FOR ESTIMA
TING ERRORS 
( Source : Beeston, 1983 ) 
3.5.2.2 Cusum charts. 
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Cusum charts introduce a further technique designed
 to provide feedback on estimating 
results. This system which is particularly suitable fo
r monitoring estimating variance 
involves recording cumulative differences from a tar
get figure. However, the primary 
function of cusum charts is to indicate trends rather 
than provide definitive values. The two 
types of cusum charts are examined below. 
(a) Trend control analysis. 
The objective of trend control analysis is to identify whether estima
ting errors exhibit a 
consistent trend over time. Estimates and low bids a
re listed in chronological order, the 
percentage deviation for each project and cumulative deviation bein
g graphically recorded. 
Projects are evenly spaced on the horizontal axis, the line joining th
e various points 
identifying the trend of estimating performance. The
 nearer the line is to the horizontal, the 
nearer the estimate is to the lowest bid. A rising line
 indicates a bias towards over-
estimating while a falling line demonstrates a bias to
wards under-estimating (Betts and 
Gunner, 1989). 
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This technique enables the estimator to identify a consistent trend in forecast
ing results 
within a specified time frame. When no clear trend is discemable the deviati
on control 
chart is employed to indicate the extent of deviation of estimates from the lo
w bid 
(Flanagan and Norman, 1983). \ 
(b) Deviation control analysis. 
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The deviation control chart (sometimes referred to as the variation control chart) assesses 
the accuracy of estimating. In the deviation control chart the slope of a line f
rom the origin 
to any point on the curve furnishes the variance of the estimate about the low
 bid for all 
projects up to that point. (Flanagan and Norman, 1983; Betts and Gunner, 1989). 
Combined use of the two cusum charts indicated on page 53 provides a comp
lete 
representation of both the accuracy, and trend details of estimates. Full desc
riptions of the 
various control systems are provided in the foregoing research paper referen
ces, together 
with graphically presented examples of utilisation. Selected examples of the 
estimating 
performance of local quantity surveying firms are illustrated by cusum chart
s in the 
appendices to this document. 
3.6 CONCLUSIONS 
Estimating models, which are logically categorised according to use function
s, are 
separated into design optimisation models and price prediction models. The last named 
models establish the category being assessed in terms of this dissertation. 
Three vital factors to be considered in regard to improving price forecasting 
performance 
are (a) uncertainty and risk, (b) data/ information used for estimates, and (c) feedback and 
control systems for future estimates. These aspects require careful considera
tion at all 
stages of design when price prediction models are utilised. 
The construction process is complex and fraught with uncertainty. In particu
lar, the 
variability of tender submissions requires the estimator to be conversant with
 the theory 
relating to uncertainty, and the analysis thereof. It is likely that in the future
 quantity 
surveyors will be forced by client pressures to devote greater attention to add
ressing 
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uncertainty in price forecasts. The implementation of range estima
tes, used as an adjunct to 
traditional estimating techniques, is identified as a potential s
olution to the problem. 
In South Africa, a factor limiting the improvement of foreca
sting accuracy is the dearth of 
reliable estimating data available. The most popular source o
f pricing information used by 
quantity surveyors is "in-house" priced bills of quantities. Th
e size and nature of local 
practices further influences the availability of relevant data so
urces of this kind. 
A possible cause of estimators being unaware of the percepti
ons of clients regarding 
estimating accuracy is the lack of widespread use of feedback
 mechanisms to indicate 
details of performance as well as any trends in bias or consis
tency. 
The following chapter deals with the accuracy of the estimate
, considering the expectations 
of parties using the product, and methods of performance app
raisal. Finally, a review of 
published records of accuracy achieved by both contractors' 
estimators and design price 
forecasters is undertaken. 
000000000 
4. EVALUATION OF ESTThIATING PERFORMANCE 
"Our best is bad, nor bears Thy test; Still, it should be our very
 best": Robert 
Browning 
4.1 INTRODUCTION 
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Users o( price forecasts have a common objective in requiring the best possible
 reliability 
and accuracy. One of the main areas of confusion between m
embers of the building team 
hinges on what is meant by terms commonly used such as 'pr
ecision' and 'accuracy'. The 
introductory section of the chapter is devoted to a clarification
 of these issues, as well as 
providing an indication of the most commonly used methods _
of measuring the estimator's 
performance. The accuracy of price forecasts made at any po
int of design development cai, 
theoretically be measured and the discussion of accuracy is in
tended to reflect this broad 
vision. 
The primary purpose of this chapter is to provide a perspectiv
e on expectations of 
reliability, and more importantly accuracy, of quantity survey
ors' estimates. Opinions of 
parties regarding the accuracy achievable, and the actual perf
ormance levels achieved 
internationally, establish the basis for the development of the 
empirical study of estimating 
performance of South African quantity surveyors dealt with in
 Chapter 7 of this 
dissertation. 
The chapter ~oncludes with a review of the literature reflectin
g the estimating performance 
of quantity surveyors internationally. Notwithstanding the po
ssible measurement of 
estimating accuracy at early stages of the building procureme
nt process, practical 
considerations usually prevent meaningful evaluations of the 
estimating stages prior to 
tender· documentation. The assessment of performance reflect
ed in empirical studies is 
therefore based on price forecasts made after detailed design 
is completed. 
In order to evaluate the effectiveness of the estimating activity, 
it is necessary to introduce 
measures of performance that rely on statistical means of ass
essment. However, as the 
emphasis of the dissertation is on the factors that affect accur
acy, and not on accuracy per 
se, the presentation of such material is confined to broad prin
ciples only. Detailed 
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reference sources such as Beeston (1983) and Skitmore et al. (1990) should be consulted
 
for more extensive descriptions of the statistical appraisal techniques. 
4.2 DEFINITIONS 
Numerous authors (Barnes, 1974; Adams and Busch, 1981; Bennett et al., 1981; Flanag
an 
and Norman, 1983; Betts and Gunner, 1989) have commented that absolute accuracy is 
virtually impossible to achieve in building price forecasts. The issue of 
what comprises an 
"acceptable" degree of accuracy is inevitably linked to the aspect of exp
ectation of 
performance by the client on the one hand, and achievement level of the
 estimator on the 
other . 
. Before any analysis of the accuracy of quantity surveyor's price predic
tions can logically be 
undertaken, consideration needs to be given to an appraisal of what is m
eant by the term 
"accuracy". 
4.2.1 Accuracy 
The following definitions of the term 'accuracy' are to be found in the refe
rence sources 
listed : 
Webster's (1981) - "(1) Freedom from mistake or error; conformity (2.a) Conformity to 
truth or to a standard or model; exacmess (2. b) Degree of conformity 
of a measure to a standard or a true value" 
Concise Oxford (1990) - "E.xacmess or precision, esp. arising from careful effort". 
Previous attempts at defining accuracy in terms of price forecasting in t
he building industry 
are questionable, most being based on the recognition of an "absence o
f error" when 
' 
comparing the estimate with the price for which the work is contracted.
 Flanagan and 
Norman (1983) remark that this suggestion of the smaller the error, the higher the 
accuracy, and vise-versa, whilst being partially true, is naive inasmuch as it r
equires a 
further definition of error. 
Basing his argument on the alternative definition offered by Websters, R
apier (1990) 
suggests that for capital cost estimating "Estimating accuracy is the degree of confonnity of 
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the estimate (our measure) to the.final as-booked project cost (our true value)". This 
definition suffers from the failing that no indication is given of what extent of non-
conformity is unacceptable, ·and would consequently be termed "inaccuracy". 
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The proposal by True (1988) that accuracy is "the percent of difference between the 
estimated value of the product or work as compared to the price for which the product or 
work is contracted ", although hinting that the process is quantifiable, is incomplete in 
terms of the need to provide parameters of acceptability. 
Raftery (1987a) introduces a different approach when stating that the term should be 
considered in relation to " the etymology of the word 'accuracy' itself (exact, correct, from 
the latin 'accuratus', meaning performed with care)"; suggesting that it should be used to 
denote correctness or care in performance. 
In this dissertation it is argued that an acceptable definition of the term, as applied to price 
forecasting in the building industry, should be based on the rationale of Raftery (1987a) 
given above, but additionally linking the performance to that which could reasonably be 
expected of an informed and suitably qualified estimator. 
Ogunlana (1991) affirms that at present, no limit of acceptance as to what constitutes an 
'accurate enough' estimate has been set by any professional body concerned with 
estimating. However there seems to be general agreement amongst practitioners in the UK 
that a figure of+/- 10% accuracy at the detailed design stage is appropriate (Ogunlana and 
Thorpe, 1987; Ogunlana, 1991). No reference is made to the point of reference, but it is 
assumed that it refers to the lowest acceptable bid. 
4.2.2 Bias, consistency and precision 
Forecasting performance is identified as consisting of two main properties; bias which is 
concerned with 'the average of the differences (error) between prices and forecasts, and 
consistency which is concerned with the degree of variation (dispersion) about the average 
(Skitmore, 1990a; Gunner and Betts, 1990). 
Many practitioners appear to confuse accuracy with precision. The two principles are 
totally different; it being quite possible to be precise but inaccurate, and vice versa. The 
relationship between accuracy and consistency as originally expressed by Flanagan (1980), 
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is illustrated in Figure 4.1. It should be noted that consistency can only be measured for a 
range of estimates whereas accuracy can be determined for every single forecast. 
T 
T 
(a) 
high aoouraoy 
high precision 
(b) 
low aoouraoy 
high precision 
T 
T 
(a) 
high accuracy 
low precision 
(d) 
low aoouraoy 
low precision 
FIGURE 4.1 RELATIONSHIP BETWEEN ACCURACY AND PRECISION 
( Source: Ogunlana, 1989) 
The alternative options indicated in Figure 4.1 are : 
(a) High accuracy and high precision 
(b) Low accuracy and high precision 
( c) High accuracy and low precision 
( d) Low accuracy and low precision 
Criticism of quantity surveyors' estimating performance centres on the insinuation that 
model (c) is being achieved in deterministic forecasts, whilst clients wish to attain model 
(a) with high accuracy and precision levels. Proponents of probabilistic forecasting 
techniques assert that a better service to the design function will be provided by a 
combination of models (a) and (b). 
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Skitmore (1990a) summarises the relationship between these elements by reflecting that 
measures of accuracy are concerned with the combination of bias and consistency into a 
single quantity, which can be measured in several ways as indicated hereafter. 
4.3 l\1ETH0DS OF MEASURING ACCURACY 
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The overall quality of performance of the forecaster is usually considered in terms of the 
relationship between estimates and contract bids. The decision to measure the quantity 
surveyor's estimating performance against the accepted (normally the lowest) tender, means 
that the assessment of accuracy is partially dependent upon the variability of the tender(s) 
chosen for this purpose. 
Although the following measures of performance are all described in the literature as 
measures of "accuracy", confusion still remains regarding acceptable terminology. In 
effect, the blending of these units of measure tend to reflect reliability of estimates, 
combining precision, bias, consistency and accuracy. 
4.3.1 Range 
The range, which reflects the difference between the highest and lowest figures, is 
considered the simplest form of measuring variability. It is often used when the superior 
accuracy of other methods is not required, as it has the great advantage of being easy to 
calculate. For small samples (fewer than about 6 items) the range is almost as good a 
measure of variability as any other, only displaying inferior capability when sample sizes 
exceed about 15 (Beeston, 1983). 
4.3.2 Mean deviation 
The ~ean deviation is generally considered a better measure of variability than range. The 
system is based on deviations from the arithmetic mean (commonly called the average). 
The mean deviation does not distinguish between positive or negative variance, making the 
result difficult to use mathematically. When variability needs to be measured only for 
comparative purposes, the mean deviation is adequate due to it being easy to visualize and 
simple to calculate. 
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4.3.3 Standard deviation 
The standard deviation is a further related m~ure of dispersion. The mathematical 
inconvenience of the mean deviation, caused by neglecting the positive or negative 
variance, is overcome in this method. In accord with the mean deviation, the deviations are 
also measured from the arithmetic mean. However, prior to addition they are squared, the 
difficulty of sign thus being removed. The arithmetic mean of these squared deviations is 
calculated and its square is taken (Beeston, 1983). The sign a is the universal symbol for 
the population standard deviation and is the lower case Greek letter 'sigma'. 
4.3.4 Coefficient of variation 
The coefficient of variation is the unit of measurement that is most often used when quoting 
the accuracy for a series of building price forecasts. It is recognised however, that the 
coefficient of variation is not a measure of accuracy per se, but rather a measurement of the 
degree of consistency in pricing. 
A relationship can therefore be established between consistency amongst tenderers and the 
accuracy of pre-tender price forecasts. High correlation between 'tenderers (i.e. low 
coefficient of variation) on a scheme should be associated with a low forecast error in the 
consultant's estimate (Ogu.nlana, 1990). 
An extended use of this measure reflects the coefficient of variation for a range of pre-
tender price forecasts. This approach indicates the consistency of price forecasting 
undertaken in any given sample. Beeston (1983) confirms that the coefficient of variation is 
the measure of variability that is of the most statistical value. 
There are times when the standard deviation, being an absolute measure of dispersion, is 
inadequate and a relative form becomes preferable. In order that the variability of 
populations can be compared when the arithmetic means differ substantially, the standard 
' deviation can be expressed as a percentage of the arithmetic mean, this percentage being 
the coefficient of variation. 
The example in Table 4.1 serves to illustrate the measures of accuracy that have been 
introduced to this point. 
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Estimated Actual Overall Difference Relative Absolute 
Outcome Outcome Deviation Squared Deviation Deviation 
X y A 8 A% C% 
75 90 -15 225 -17% 17% 
94 100 -6 36 -6% 6% 
132 115 +17 289 +15% 15% 
102 100 +2 4 +2% 2% 
65 75 -10 100 -13% 13% 
Means 96 -2.4 654 -3.8% 10.6% 
TABLE 4.1 MEASURES OF VARIABILITY 
( Adapted from Betts and Gunner, 1989) 
The following results can be deduced from the table : 
(a) The range measure of accuracy is between -15 % and + 17 % ( or a range of 32 % ) . 
(b) The mean error is -3.8%. 
(c) The mean deviation is 10.6%. 
(d) The standard deviation is the square root of 654/5 = 11.44. 
(e) If the standard deviation of the range of A is now divided by the mean yalue of 
the actual outcomes (Y) (in this case, this is dividing 11.44 by 96 and expressing 
it as a percentage), the coefficient of variation of 11.92 % is calculated. 
Although the measurement methods indicated above describe "accuracy" in a slightly 
' different form, they are considered by researchers to be valid ways of describing the 
relationships between sets of estimates and actual outcomes (Betts and Gunner, 1989). In 
practice, the 'mean error' or 'relative deviation' represents the most common method of 
indicating estimate accuracy. Arithmetically it is represented as: 
Accuracy of Estimate - Estimate Value - Low Bid X 100% 
Low Bid 
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Because this study is partly concerned with a comparison between estimating accuracy in 
South Africa and that found elsewhere, and because most authors use the coefficient of 
variation (CV) to express their results, both the CV and 'mean error' are used to describe 
the accuracy of estimating in this dissertation. 
4.4 EXPECTATIONS OF ACCURACY 
As previ_ously stated, the parties involved in a building development may have different 
expectations with regard to the content and accuracy of a price forecast. Although Greig 
(1981), Jupp (1984) and Bowen and Edwards (1985a) have examined the expectations of 
some participants in building projects on the accuracy of quantity surveyors' price 
forecasts, published research findings in this subject are nevertheless extremely limited. 
A study of the difference between the objectives of estimators and the expectations of their 
clients is fundamental to the problem. If differences of opinion and uncertainty as to the 
intentions and requirements of design stage estimates are discussed and identified at an 
early stage, potentially harmful consequences can be avoided. 
4.4.1 Estimate reliability during project planning 
A fundamental premise apropos the pre-tender price forecasting function is that the 
accuracy of the estimate is directly correlated with the amount of project data available 
(Skitmore, 1988a). Compatible views are expressed by Ashworth and Skitmore (1982), 
Skitmor~ (1988b), and Horner (1991), when stating that the ~ccuracy of the forecast 
improves as the design sequence progresses. Their opinions coincide with the standard 
construction price forecasting texts which assert that more detailed estimating methods such 
as those using approximate quantities are ipso facto necessarily of better quality than the 
single .price rate systems used earlier in the design process. Morrison (1984, p. 71-72) 
supports this view by saying : 
"Since we would not expect the suitability of cost data taken from the same source to 
be any worse when differing estimating techniques are used, we reach an 
exceptionally imponant conclusion. Given that quantity surveyors are consistent in 
the manner in which cost data is selected for use in cost estimating, only the inherent 
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variabilities of the different estimating techniques will cause t
he peiformance of these 
techniques to differ from one another. " 
This implies acceptance of the model shown in 
Figure 4.2, in which the extent of errors 
(inaccuracy) reduces as more information on the proposed
 project is made available 
(Layshook, 1969; Ashworth and Skitmore, 1982; Skitmor
e, 1988c; Horner, 1991). 
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FIGURE 4.2 POSTULATED ACCURACY IM
PROVEMENT IN DESIGN PROCESS 
( Source: Ashworth and Skitmore, 1982) 
Owen and Nabors (1983), Lorenzoni (1986), and Rapier (
1990), utilise a similar graphical 
representation of the increasing accuracy of fo
recasts in the pre-tender period, although 
only reflecting one half (the overrun), and not indicating t
he opposite (bottom half) of the 
diagram. 
Skitmore (1985), and Ogunlana and Thorpe (1991) adopt 
a similar representation to those 
mentioned above by using the "torpedo diagram
" of Barnes, referred to in Hayes et al 
l 
(1987), to indicate that cost estimating accuracy improves
 with the development of the 
project. 
The graphical illustrations of this characteristic
 vary markedly, inasmuch as the slope of the 
curve and the extreme conditions shown on the
 different examples are concerned. In 
particular, the papers presented by North Amer
ican authors show a far higher percentage 
inaccuracy level in the preliminary design stage
s than those produced in the UK. 
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It is contended in this dissertation that the foregoing examples referr
ed to are incorrect in 
depicting the 'inaccuracy' of the forecast as represented. In the m
ajority of the models the 
curve does not necessarily indicate inaccuracy in terms of the •errors' ma
de. Rather they 
indicate diminishing probability of risk and uncertainty and not "e
rror" or "accuracy". 
Lorenzoni (1986) provides an indication of the true nature of the trends by noting
 that the 
earlier in a project development that an estimate is prepared, the less reliable that esti
mate 
will be. While the difference is subtle, distinction needs to be mad
e between the 
characteristics of price forecasts if correct estimating practice is t
o be formulated. 
In support of the contention that the term •accuracy' is being misu
sed in respect of the 
above examples, the following extracts are employed to underscor
e contradictions with 
respect to interpretations of the "torpedo" diagram: 
"Ashwonh and Sldtmore 's (1982) review of the literature revealed a wide variety of opinion 
of accuracy levels (over time I information release periods), usually lacking any supporting 
evidence." - Skitmore, (1988c, p. 12). 
and 
"The surprisingly slight increase in accuracy of designers' estimates over the design period, /
 
together with the lack of any reliable empirical evidence of the means whereby effective 
estimates can be generated, suggests the need for serious fundamental research in this 
area." -Ashworth and Skitmore, (1982, p. 12). 
and 
"The major conclusion, therefore, is that forecasting accuracy does not improve with ./ 
additional project information in the manner expected, panicularly when experienced 
estimators are used." - Skitmore, (1988c, p. 17). 
Indica~ive of the confused thinking in this area, the same authors i
ndicate below that there 
is little basis for either the above statements, or adoption of the "t
orpedo" principle in the 
early stages of design. 
"It is considered imperative that the potential accuracy of price forecasting models other 
than the priced bill be determined and that the question of the uncertainty associated 
therewith be addressed." - Morrison, (1984, p. 60). / 
and 
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"Apart from the limited informational studies mentioned ... (in Skitmore, 1990a}
, .. very 
little research seems to have been attempted in establishing the
 validity of this assertion (of 
the relative accuracy of different estimating techniques)." - Skitmore, (1990a, p
. 11). / 
vResearch undertaken by Morrison (1984) shows that when using very 
simple estimating 
techniques such as elemental estimates, the performance 
is only likely to deteriorate from a 
level of 15.4% coefficient of variation to approximately 1
6.3% - 17.8%. According to this 
finding, the accuracy of price forecasting does not improv
e appreciably during the 
development of the design process. 
4.4.2 Price forecasters' expectations 
A study of the available literature on this subject reveals a wide ranging se
t of opinions 
relating to desired and attainable accuracy levels. The fol
lowing is a brief summary of 
opinions expressed and the results of research surveys un
dertaken. Although the literature 
sources do not state the unit of measurement quoted, it is 
assumed that the mean error 
(relative deviation) is reflected. 
One of the earliest sources of reference is that of Marr (1977), who su
ggests that initial 
estimates can range from -20% to +40% whilst estimates
 at tender stage should be in the 
range of -5 % to + 10 % of the accepted tender. 
The results of a survey of 30 quantity surveyors conducte
d in Edinburgh (Bowen, 1982a), 
indicate that a substantial number of estimators (23 % ) , are of the opin
ion that they are 
capable of estimating the cost of concrete framed structur
es at the sketch design stage to 
within 5 % of the "actual" cost. A further two-:thirds of res
pondents indicate their ability to 
estimate the cost to within 10%; seven percent to within 
15% of cost and the remaining 3% 
to within 20 % . 
A more extensive survey carried out by Jupp (1984) indicates the follo
wing response from 
a selection of quantity surveyors in England with respect 
to their expectations of accuracy 
in forecasting tender prices of projects (excluding PC and Provisional Sum
s): 
within 1 % either way = 2 % 
within 2\ % either way = 22 % 
within 5 % either way = 63 % 
within 7\ % either way = 4 % 
within 10% either way = 9% · 
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Bowen and Edwards (1985a) reveal that the results of a set of similar 
questions put to 12 
architects and 35 quantity surveyors at a seminar in Durba
n, indicate that a significant 
number of respondents expect a greater aegree of accurac
y from quantity surveyors' price 
forecasts than that indicated by the mean value of the sur
vey. 
Skitmore et al. (1990) in a postal survey responded to by 98 estimator
s in the UK, disclose 
that 63 % of estimators expect to be within 5 % of the acce
pted tender in early stage 
estimates on general building work when cost planning is
 utilised. This figure drops to 17% 
without <!ost planning. Twenty-five percent of responden
ts expect to be more than 10% out 
if no cost planning is undertaken, as opposed to the 9 % t
hat express the same opinion even 
when cost planning is exercised. 
The Cost Engineers Notebook (AACE), cited by Huxley (1991) indic
ates that a definitive 
(i.e. late design stage) estimate accuracy range is from + 15 % to -5 %
 . In the same study 
the author also identifies the level of accuracy expectatio
n for estimators and project 
managers to be: 
* Order-of-magnitude-estimate 
- estimators +/- 35% 
- project managers + /- 18\ % 
* Design estimate 
- estimators +I- 15% 
- project managers +/- 10% 
* Pre-tender estimate 
- estimators + /- 7~ % 
- project managers + /- 7~ % 
The above figures are pertinent to the estimates of cost e
ngineers in the USA, and indicate 
the previously noted tendency to accept a high degree of
 'inaccuracy' in the early stages of 
the project. However, the expected accuracy range once the design is sub
stantially 
complete, is similar to the opinions given by quantity sur
veyors using their traditional 
procurement systems (i.e. bills of quantities). 
The most comprehensive research undertaken to date is t
hat of Bowen (1992) who 
undertakes an extensive investigation of the expectations 
of South African quantity 
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surveyors, architects and clients with respect to est
imates undertaken at the various stag~s 
of design development. 
The results of the survey, which reflect the opinio
ns of quantity surveyors regarding their 
mean expected accuracy levels at the various desig
n stages, is as follows: 
* inception stage - within 17 % 
* appraisal stage - within 9 % 
* design concept stage - within 9 % 
. 
* design development stage - within 9% 
* documentation stage - within 5 % 
It will be shown later in this chapter that the above
 expectations are optimistic when 
compared with the results of empirical studies cond
ucted overseas. A possible explanation 
for this optimism is that the stated accuracy levels 
represent desired levels rather than a 
reflection of actual performance. The expectations
 of architects and clients, which follow 
hereunder, are indicative of what these parties exp
ect to be achieved. If quantity surveyors 
are unable to meet the standards indicated, the pote
ntial for disputes referred to earlier in 
this chapter is accentuated. 
4.4.3 Architects' and Clients' expectations 
Although limited literature exists on the level of sa
tisfaction experienced by architects, 
Shannon (1978) infers that architects are not always satisfied w
ith the construction price 
advice provided by quantity surveyors. Ferry (1978) indicates 
~ low level of client 
satisfaction by suggesting that the more contact the
 client has ·with building professionals, 
the lower the expectations are likely to be. 
A study of both clients' and architects' expectation
s of accuracy derived from the survey of 
Bowen (1992), is illustrated in Table 4.2. The expectations of
 both rise as the design 
process progresses, as does the subjective reported accuracy recei
ved. It is noticeable, 
however, that clients consistently expect higher le
vels of accuracy than architects at all 
design stages. 
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Expected 0 - 50/o 6 - 1
0o/o 11 - 15o/o 16 - 20o/o Over 20o/o 
Accuracy Arch Client Arch Client . Arch Client Arch Clie
nt Arch Client 
'JI, 'JI, 'JI, 'JI, 'JI, 
'JI, 'JI, 'JI, 'JI, 'JI, 
Inception 5 14 16 47 48' 22 
25 12 6 6 
Appraisal 14 49 31 31 44 14 7 
1 4 6 
Design ' ' 
Concept 20 53 53 34
 
; 
24 8 0 1 3 5 
; 
i 
' 
; 
Design ; ' ; i 
Development 46 77 46 14
 6 3 1 0 1 6 
! 
' 
; I i 
I I ' 
; 
23 I 
' ' 
Documentation 72 
! 86 9 5 
I 0 0 I 1 1 4 
. 
! 
I 
I 
' ; I : ' 
I I 
TABLE 4.2 CLIENT / ARCHITECT EXPE
CTATIONS OF ACCURACY 
( Adapted from: Bowen, 1992) 
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A comparison of the above expected (or required) level
s of accuracy with the subjective 
assessments of what accuracy is actually atta
ined, discloses that many recipients of price 
forecasts are dissatisfied with the estimating p
erformance of consultants. This is confirmed
 
by Bowen (1992), who indicates that clients are general
ly dissatisfied with the accuracy of 
price forecasts provided by quantity surveyor
s from the inception stage through to the 
detailed design stage. In contrast, architects a
ppear to be satisfied with the accuracy levels
 
during the equivalent stages. However, at the
 tender stage the expectations of both clients 
and architects appear to be unfulfilled. 
4.5 LITERATURE REVIEW OF ESTIMATING
 PERFORMANCE 
The following review provides a summary o
f available literature on the measurement of 
accuracy in both quantity surveyors' and con
tractors' estimates. The intention of this 
section is not to,prove that estimates compile
d by contractors are more, or less, accurate 
than those of quantity surveyors, but rather t
o provide a basis upon which the assessment 
of 
an empirical study of South African estimato
rs (see Chapter 7 of this study) can be 
structured. 
The review is divided into sections separating
 opinions and opinion surveys from empirica
l 
studies. The report is not confined to any par
ticular sector of the construction industry nor
 
,r 
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. Gunner and Betts ( 1990) for fuller descriptions of the research un
dertaken in this field to 
date. The evidence presented in numerous papers such
 as those of Ashworth and Skitmore 
(1982) and Ogunlana and Thorpe (1987) suggests that informally s
tructured studies yield 
estimating performance levels better than those achiev
ed in empirical studies. It should be 
noted that one of the main reasons why quantity surve
yors' and contractors' reported 
estimating performance cannot be compared, is becau
se in some studies contractors' 
tenders are compared with actual cost"/ final account 
figures, whilst consultants' estimates 
are generally compared with the lowest tender. 
4.5.1 Contractor's construction cost estimates 
A distinction needs to be drawn between the terms "e
stimating" and "bidding" (or 
"tendering"), which are often misinterpreted as having the same m
eaning. "Estimating" is 
normally understood to be the technical process of est
ablishing the predicted costs of 
construction. "Tendering" or "bidding" is the related 
subsequent activity, based upon the 
estimate, of allowing for profit mark-ups and adjustments to allow for
 the competition with 
other contractors. However, in the literature studied, 
the term "estimating" is frequently 
used to denote both activities. As the main use appear
s to be that relating to the actual 
tender computation, this approach has been similarly 
adopted in this document. 
Any assessment of the accuracy of cost prediction me
thods must ultimately rely upon 
quantitative techniques. Either of two approaches are
 generally taken in assessing the 
accuracy of cost estimates made by the contractor (Ogunlana, 199
1): 
- Where the contractor is the lowest tenderer, the estim
ate may be compared with 
. either actual construction cost or the final account fi
gure. Comparing the bid with 
actual cost may be difficult because of problems in ob
taining reliable data, whilst 
comparison with the final account figure requires com
plicated adjustments to be 
made for design changes. 
- The alternative technique is to compare the contrac
tor's tender submitted with the 
lowest bid from another contractor, or even the mean 
bid. 
4.5.1.1 General research 
The accuracy of contractors' estimating has not been 
widely researched. Analysis of 
researchers' opinions regarding the accuracy of contra
ctors' estimates, as discussed in the 
Chapter 4 
following paragraphs, indicates that accuracy of
 between 5 % and 9 % coefficient of 
variation (CV) is achievable. 
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Beeston (1975) proposes that the ideal data for an analysis 
aimed at measuring the inherent 
variability of whole building prices is a large nu
mber (more than 10) of repeat prices 
independently obtained for the same design, in 
the same locality, at about the same _time. 
He cites an example of this occurrence which h
as produced a coefficient of variation of just 
under 10% for the lowest tenders. Due to severa
l causes of tender variability applying in 
practice, Beeston (1975) suggests that there is little prospec
t of reducing the coefficient of 
variation· for tenders to less than 8 % . 
This view is partially supported by the opinion 
of Ashworth and Skitmore (1982) who 
declare that contractors should estimate with an 
error of considerably less than 10% of their 
total final cost and generally of the order of+/-
5%, given a set of quantities and sub-
contractors quotations. 
Flanagan (1980) in a study of 64 projects built by a large cont
racting firm in the UK, 
established that the coefficient of variation varie
d, depending on project value, between 
11.55% and 2.85%. The mean for the sample an
alysis is 8.22%. Flanagan concludes that 
the best measure of a contractors' ability to estim
ate his own costs on projects is 6.6% CV. 
If the assumption is made that this level is accomp
lished by both the successful and 
unsuccessful tenderers, Morrison (1984) claims that this fa
ctor alone results in an overall 
range of tenders of approximately 22 % . This co
nclusion corroborates the contention of 
Barnes (1974), wherein he states that the major portion of the 
spread of tender prices is due 
to the probability distribution, which is a measu
re of the accuracy with which the 
contractor is able to predict the cost of the work
. 
4.5.1.2 Empirical studies f 
A limited number of empirical studies on the va
riation of constructional bids have been 
undertaken. Their findings support the opinions
 cited above that an accuracy level of 
between 5 % and 9 % CV is possible. 
A typical example of studies conducted is that o
f Barnes (1974), who, in an analysis of 228 
projects taken from 10 different contracting organisations, fou
nd that the coefficient of 
. __ ,.__ 
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variation measured between the contrac
tors' estimate and the actual cost of the 
projects was 
approximate! y 7 % . 
Table 4.3 reflects a summary of the pu
blished findings of empirical studies con
ducted. No 
reference to any empirical studies of co
ntractor's estimates subsequent to those
 listed, 
which are extracted from Ogunlana (1989), have
 been found. 
(HO Higb\vay C::~ntracfa' . 
. F;e & Hack<:;r [!97C)i'""Ad~uate ~pie of projects.. · · : 4;;j'f;;if[.t\6'.'.:;!i'(;I§:'i!} 
TABLE 4.3 MEAN COEFFICIENT O
F VARIATION OF CONSTRUCTION
 BIDS 
( Source: Ogunlana, 1989) 
The results of the surveys reflected abo
ve are remarkably consistent in that limited
 variance 
is displayed by any of the values. This 
is considered important, as the contract
s listed are 
diverse in terms of size, type of project, and year c
onstructed. 
4.5.2 Designers construction price for
ecasts 
Since Beeston (1975) has demonstrated that any 
lowest tenders' relationship to the mean
 of 
lowest tenders is random, it must be co
ncluded that quantity surveyors can onl
y follow this 
relationship by coincidence. Morrison (1984) co
ncludes that the best performance which
 
can be achieved by quantity surveyors a
ttempting to consistently predict the val
ue of the 
lowest tender, is equal to the level of v
ariability found in the lowest tenders. 
I 
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Beeston (1975) graphically portrays the 
nature of the effect of achieving
 different levels of 
accuracy as signified by the coef
ficient of variation. This is repro
duced in Table 4.4. If 
Morrison's hypothesis is correc
t, quantity surveyors can expect 
to be within 5 % of the 
lowest tender in 52 per cent of p
rojects forecast, and within 10% in 84 per
 cent of 
contracts. 
TABLE 4.4 EFFECTS OF DIFF
ERING COEFFICIENTS OF V
ARIATION 
( Source: Beeston, 1975 ) 
Examination of the table disclos
es, however, that at 7% CV all e
stimates will be within 
30% of the lowest tenderer. In p
ractice this is unlikely to be achi
eved, leading to the 
conclusion that a CV closer to 1
0% is the best consistency that c
an practically be 
accomplished. 
4.5.2.1 General research 
In the concluding chapter of his 
Msc. Thesis, Greig (1981) states that re
spondents to his 
survey of clients, subjectively assessed tha
t 86% of esti~ates performed by
 quantity 
surveyors are within 5 % of both 
the accepted tender and final acc
ount. In conducting a 
closer examination of the record
ed responses, however, (Greig, 1981 - p
. 106 and 107), 
the writer notes,that the figures 
given are incorrect. Whilst still 
reflecting favourably on the 
performance of the estimators, 
the corrected figures should be 7
2 % when compared with 
the accepted tender (not necessarily the 
lowest tender), and 73% when compare
d with the 
final account figure. 
A more recent example of a stu
dy concerning the accuracy of es
timator's price forecasts is 
cited by Tan (1988). The study relates t
o 273 construction projects undertaken be
tween 
1974 and 1981 by the National A
eronautical and Space Administr
ation (NASA) in the 
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USA. Although no indication of achieved CV
 is indicated, the estimators' forecasts average
 
7.8% higher than the low bids accepted. For c
omparative purposes, an analysis of 22 more 
recent projects reveals forecasts on average 7 .49 % higher th
an low bids, with a given CV 
of 16.77%. 
The above examples illustrate the need to ensu
re that stated figures are comparable. For 
instance, the effect of Greig's incorrect figure
s on the CV percentage and therefore the 
probability distribution can be derived by inte
rpolating Table 4.4. A potentially greater 
hazard is created when comparing the opinion
s of accuracy as normally referred to by 
quantity surveyors (mean "error" as previously indicated
), with the coefficient of variation. 
As can be seen in the recent NASA projects indicated above
, it is quite possible to 
experience a significant difference in the perce
ntage levels of these units of measurement. It
 
is suggested that whenever the CV is given by
 researchers for estimate performance, the 
"mean error" ("relative deviation") be stated for compar
ative purposes. 
The most recent observations on estimating pe
rformance are to be found in Skitmore 
(1988). Two sets of data are analysed. The first set of da
ta reflects details of 67 building 
and engineering projects in the USA. Forecasts are on avera
ge 12.38 % higher than the low 
bids, with poor consistency indicated by the s
tandard deviation of 21.53. The second set of 
data is extracted from the records on 33 buildi
ng contracts executed in the UK between 
1983 and 1987. In this instance, forecasts are 
on average 4.91 % lower than the lowest 
tenders. A relatively high inconsistency factor
 is evidenced by the standard deviation of 
17 .22. In neither instance is the CV percentag
e given. 
4.5.2.2 Empirical studies 
When forecasting performance is formally ex
amined, it usually indi9ates a far poorer 
performance than is subjectively believed (Azzaro, 1976). T
able 4.5, which is compiled 
from information contained in two recent rese
arch reports, namely Ogunlana (1989) and 
Gunner and Betts (1990), presents a summary of major emp
irical studies of accuracy of 
price forecasts at the detailed design stage. 
The figures provided by Gunner and Betts (1990) are ex
tracted from the records of a single 
international firm of construction cost consult
ants with 26 offices spread mainly around the 
Asia Pacific Rim. The results are based upon 
pre-tender estimates and awarded contract 
amounts. PC and provisional sum allowances 
are excluded. The CV for Singapore is based 
upon a comparison of the estimate with the lo
west tender. The figures for the Property 
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Services Agency (1981) report also exclude PC and provisional sums. The basis for 
calculation of the other figures is not known. 
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Author .·· . Source of Data 
·Mean CV(%) .-.:· 
Park [1972] / 100_ Projects ·: · 
·:.-.· 
. . 
. 
··10 ~J5 
. . 
. 
. Beeston [1974] 7 
· McCaffer [1975] · · ;:T//.:\i}:, fj::·: O _f_fi_· ~~.--. b_·.·_.u_i_ldi~gs 
. -.:=·/( 
.· McCaffer [1976] \JJ2 Belgic1I1 b~ildings < · · • 13.13 ·· 
•·· Mead [1977] · .·· ·· ·: ·. ,. 1~: M~jor: c~ristruction :&.1fk ;:::: ·.·.·. ··.73 . 
\ Hanscorrib Associates [19.76] :52 North A.weiican · projects ? •:f :.· ::J..7 ' / 
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TABLE 4.5 ACCURACY OF CONSULTANTS ESTIMATES ·AT DETAILE
D DESIGN 
( Adapted from: Ogunlana, 1989; Gunner and Betts, 1990) 
The adjustment·for "fixed" sums referred to above is imperative if a true measure of 
accuracy is to be portrayed. The extent of these sums can be considerable, pa
rticularly in 
alternative procurement systems that have recently been utilised in South Afr
ica. In the 
Singapore samples the amounts represent 50% of the value, the deduction res
ulting in an 
inferior level of accuracy being discernible. The wide differences between fig
ures can be 
due to a number of factors, one of which is the small data samples for severa
l of the 
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Gunner and Betts records. Comparisons between a
ll figures are for indicative purposes 
only. 
Morrison (1984) concludes the examination of 557 projects from 
7 largely public sector 
sources, by deducing that the best performance tha
t quantity surveyors can achieve is a 
coefficient of variation of 15.5%. A contrary opini
on is given by Beeston (1975) who 
reasons that, using current available methods of es
timating in the best possible way, the 
best CV possible is in the order of 7 per cent or 8 
per cent. He qualifies this opinion by 
stating that the accuracy is dependent upon the qua
ntity surveyor's 'intuitive' estimating 
ability. • 
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Beeston' s opinion reflects an accuracy level simil
ar to that anticipated from an examination 
of the performance levels of contractors' estimato
rs earlier in this chapter. This means .that 
the best that quantity surveying estimating procedu
res can be expected to produce in 
practical terms, is 52 per cent of estimates within 5
 % and 84 per cent of estimates within 
10% of the lowest tender once the detailed design 
stage is completed . 
4.6 CONCLUSIONS 
The communication process relating to the submis
sion of price forecasts is impeded by a 
lack of understanding by the participants in the bu
ilding procurement system, with respect 
to the degree of accuracy of estimates. 
This can be ascribed to many reasons, foremost am
ongst which is the lack of a clear 
definition of the term "accuracy" as related to buil
ding estimates. In addition, no measure 
of what constitutes an acceptable level of performa
nce is available, although it is commonly 
suggested that a figure of+/- 10% mean deviation
 from the lowest bid at the pre-tender 
stage of development is suitable. An alternative fo
rm of reference to this issue is the 
coefficient of variation, used mainly by researcher
s to indicate the degree of consistency in 
pricing. The combination of alternative forms of m
easurement generally reflect reliability 
of the model, and not accuracy. 
There are many instances of research papers conf
using estimating accuracy with reliability 
of forecasting and the diminishing extent of uncert
ainty as the design sequence evolves. 
Contrary to expectations, there are indications that
 the accuracy of price forecasting does 
not vary significantly during the design process. T
his aspect does, however, require further 
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research to be conducted. The expectations of pre-tender estimating accuracy by quantity 
surveyors, which appear to be optimistic, are identified as generally being within 5 % of the 
lowest tender. 
Previous research suggests that the lowest possible level of accuracy which contractors' 
estimators can consistently achieve is between 5% and 9% CV. Quantity surveyors cannot, 
other than by chance, be expected to consistently produce estimates more accurately than 
contractors. Estimators who produce 85 % of their estimates ( excluding PC and other fixed 
sums) within 10% of the tender figure, are achieving as good a performance as the 
dispersion of tender prices permits. 
Whilst studies of price forecasting reflect a wide variability of results, general research and 
empirical studies indicate that quantity surveyors should be able to produce estimates with a 
coefficient of variability of between 12 % and 19 % . 
The following chapter deals with the factors affecting tender prices. 
00000000000 
S. FACTORS AFFECTING ACCURACY 
"The bitterness of poor quality is remembered long after the swee
tness of the cheapest 
price is forgotten" : Anon 
5.1 INTRODUCTION 
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As indicslted in earlier chapters, most researc
hers recognise that the nature of quantity 
surveyors' price forecasting is such that it is
 virtually impossible to achieve absolute 
accuracy in deterministic estimates. Chapter 
4 provides an indication of the extent of the 
inaccuracy of both contractors' and quantity 
surveyors' estimates, as reflected in publishe
d 
reference sources. 
Betts and Gunner (1989) are of the opinion that the for
m of the inaccuracy is of equal, if 
not greater importance, than its magnitude. I
t is suggested that by establishing the amoun
t 
of inaccuracy, and identifying any relative ca
usative factors, specific procedures for 
improving estimating performance can be ad
opted. This can, in turn, be used to identify 
means of improving accuracy of price forec
asts in the early stages of design developmen
t. 
Researchers generally agree (Bowen, 1982a; Flanagan 
and Norman, 1983; O'Dean, 1984; 
Ashworth, 1988b; True, 1988; Flanagan and
 Stevens, 1990; and Homer, 1991) that the 
design phase estimating process is not a prec
ise scientific exercise, but an art combining 
the 
application of several facets such as data, tec
hnique, calculation, analysis, intuition and 
expert judgement. 
Skitmore et al. (1990) assert that there are five primary
 aspects which determine the quality 
of quantity surveyors' price forecasts. These
 concern (a) the nature of the target, (b) the 
information used, (c) the forecasting technique used, (d
) the feedback mechanism used and, 
(e) the person providing the estimates. Skitmore's broa
dly based approach to providing a 
satisfactory price forecasting service incorpo
rates characteristics that can be further sub-
divided into definitive features. This facilitat
es the linkage of performance evaluation wi
th 
factors identified in the literature as possibly
 contributing to the attainment of excellence
. 
Ashworth and Skitmore (1982) contend that, in order f
or the quantity surveyor to upgrade 
his estimating performance, the ability of the
 contractor's estimator to improve the 
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accuracy of tender estimates must first be addressed. Further, Bennett et al. (1981) theorize 
that the quantity surveyor's task in producing price forecasts should be to contemp
late the 
same factors as the contractor takes into account, so that the estimate produced refl
ects the 
actual project and its particular context, rather than an ideal or average situation otherwise 
presented. 
The first part of this chapter considers this aspect in the context of the use by contr
actors' 
estimators of cost-based pricing structures within the environment of the competitiv
e 
tendering market. 
The balance of this chapter is devoted to a review of the findings of researchers de
aling 
with those factors affecting design team price forecasters in particular. The objective of this 
section is to determine the factors considered most likely to affect estimating accur
acy. In 
Chapter 6 of this dissertation, the views of quantity surveyors in South Africa with 
respect 
to the relative importance of these factors are compared with the results of a simila
r survey 
recently conducted overseas. 
5.2 CONSIDERATIONS IN CONTRACTOR TENDERING 
S.2.1 The competitive bidding process 
It is not the intention in this document to enter the area of bidding models, which i
nvolves 
the development of probabilistic strategies to derive the association between the nu
mber of 
bids (tenders) and the chances of winning a contract. The well_ known bidding model 
controversy between the approaches of Friedman and Ga~es in the Journal of the American 
Society of Civil Engineers started in 1956 and continued until the early 1980' s (Raftery, 
1987b). With little support from industry, the field of bidding models has remained largely 
academic (Cattell, 1985), this well researched topic having resulted in the production of 
over 1000 papers and theses. 
The development of bidding research differs fundamentally from that of estimating
 
research. Bidding research is firmly anchored in economic theory with very little e
mpirical 
support, whilst estimating research has no formal theoretical base at all (Skitmore and 
Patchell, 1990). Although bidding research is ostensibly unrelated to practical quantity 
surveying activities, there is an important linkage with design price forecasting as, 
unlike 
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construction estimating which attempts to reflect a cost-based structure, 
bidding is directly 
concerned with market prices. 
In essence, competitive market-based bidding concerns each contractor's at
tempts to 
anticipate the bids of others. This strategy results in the tender being larg
ely independent of 
the cost of production (Skitmore, 1987b). The alternative process of cost-based price 
determination is conventionally recognised as the more common procedu
re (CIOB, 1979). 
In this system, the market effect is recognised by means of adjustment to the mark-up, after 
having conceptually established the anticipated cost of executing the wor
k. 
Skitmore (1981) suggests that a tenderer has four options available when initially decidin
g 
upon a strategy to employ when submitting a bid: 
(a) decline to submit a tender, 
(b) submit a 'cover price', 
(c) generate a rough estimate and add a high mark-up, 
(d) produce a detailed estimate and add a low mark-up. 
For purposes of this study, it is assumed that the tenderer exercises the l
ast option, 
although it is noted that the mark-up applied should be appropriate to the
 bidding market, 
and may not necessarily be low. Adoption of this approach enables an ex
amination of the 
factors affecting the accuracy of the estimate to be conducted . 
. Numerous authors have addressed the decision-making environment sur
rounding tendering 
strategy, with Ashworth (1988b) pertinently stating that the decision to tender is made on
 
the basis of the firm's current workloads, future potential, and the attrac
tiveness of the 
scheme being considered. Marsh (1987) summarises the typical opinions regarding the 
factors to consider in deciding whether or not to bid as: 
(i) the likelihood of the project ever happening, 
(ii) the value of the opportunity, either in profitability or provision of work 
(iii) the costs of trying to be the successful tenderer, 
(iv) the chances of success, 
(v) the risks to the tenderer if the bid is successful. 
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Traditional theory states that contractors' estimators calculate the costs o
f proposed projects 
from recorded and reported information emanating from actual site activ
ities. Whilst this 
procedure certainly does occur, it is considered unlikely that this proced
ure is followed by 
every contracting firm. Ashworth (1988b) alleges that even in some cases where feedbac
k 
does reach the estimator, it is ignored. A primary reason given why esti
mators do. not avail 
themselves of the use of site feedback, is that there is often a lack of con
fidence in the data 
provided as a result of poor recording systems employed by contractors.
 
One of the more disconcerting aspects of tender preparation is the tende
ncy, first referred 
to by Fine (1974), for estimators to present "socially acceptable" forecasts, i.e. providin
g a 
cost estimate that is merely a target figure on which management may 
base their final 
tender mark. Such tenders are not attempts at accurate estimating but rat
her portray the 
alternative "market-based' stratagem of obtaining the contract at the hig
hest possible price 
after allowing for prevailing market conditions. 
Converting the estimate into the bid in the traditional sense requires the 
appraisal of the 
profit mark-up to be considered and applied to the estimate. This decisio
n, based upon a 
general re-examination of the project, the firm itself, and the market, is a very subjective 
operation, adopted largely on intuition and anticipation rather than of kn
owledge. 
S.2.2 Factors affecting the bid 
It is a commonly held opinion of both quantity surveyors and contractors 
that the major 
portion of the range of tenders found on actual projects is characteristic of the prevailing 
market conditions. Barnes (1974) challenges this assertion by indicating that the greater 
part of the spread of bids is due to the probability distrib~tion, which de
notes the accuracy 
with which the contractor is able to forecast the cost of the work. 
A study of the ijterature reveals several examples of researchers attempting to categorise 
the innumerable factors which affect the cost of a new project (Pegg, 1985; Beeston, 1987; 
Rapier, 1990). The various features which influence a tenderer's mark up can be constru
ed 
as the factors which influence the competitiveness of a single tender. Th
ese factors may be 
grouped into those affecting (1) group behaviour; (2) individual behaviour; (3) contract ·
 
characteristics (Drew, 1990). This division is illustrated in Figure 5.1. 
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GROUP BEHAVIOUR 
FACTORS 
(1) Market conditions 
(2) Number of bidders 
(3) Identity of other compelitors 
Competitiveness 
constraints 
COMPETITIVENESS LEVEL 
of a bid (i.e. mark up) 
determined by 
BIDD ING STRATEGY 
'
Compet itiveness 
preferences 
CONTRACT CHARACTERISTICS 
FACTORS 
( 1) SI ze or pro ject 
(2) Type of project 
(3) Procurement method 
(4) Imperfect knowledge of direct costs 
(5) Client type 
(6) Availability or stall 
(7) Ability of consultants 
(8) Contract condi lions 
(9) Location end site conditions 
(10) Proritab illty 
(11) Construction methods and programme 
INOIVIOUAL BEHAVIOUR 
FACTORS 
(1) Bidder size 
(2) Work in hand 
(3) Tenders in hand 
FIGURE 5.1 COMPETITIVENESS IN BIDDING PERFORM
ANCE. 
( Source: Drew, 1990) 
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The degree to which these factors influence the competitivene
ss level is dependant on the 
level of ~ark up applied as part of the contractor's bidding st
rategy. The figure clearly 
shows the potential for skillful manipulation of tendering cons
traints and preferences to 
achieve cost effective procurement solutions. 
Deviation from established procedures, such as inviting more 
bids, introducing open 
tendering, planning off-season procurement, and providing si
mpler contract arrangements 
in an attempt to lo~er the market price is seldom contemplated (Skitmore, 1
988a). Industry 
in general believes such actions will either not achieve their aim
, or will result in counter 
productive reactions from contractors. In the few instances wh
ere these opinions have been 
tested, the conventional view does not appear to be supported
. 
Five factors are identified by Flanagan and Norman (1982c) as being most l
ikely to affect 
tendering behaviour. These are: (a) size/ value of the project, and construction 
or 
managerial complexity required; (b) regional market conditions; (c) the curren
t and 
projected work load of the tenderer; (d) the type of client, and (e) the type of pr
oject. 
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The foregoing closely correspond with the results of a study undertaken
 by Sey and Dikbas 
(1990) to determine the importance of the factors which affect the tender price of 
contractor organisations in Turkey. They rank firms by size and the res
ults of their findings 
include the following : 
(a) Factors related to finance assume the highest importance. Reliability of client 
appears to be significant for all sizes of firm, possibly due to economic 
instability 
in Turkey at the time of the study . 
. 
(b) Firms which are described as 'large' in terms of capital and the value of contracts 
undertaken, attach the greatest importance to type and size of job, and project 
suitability, while financial factors, technological experience, resource a
vailability 
and capacity appear to be more vital for small firms. 
(c) Site conditions and procedures related to the tendering process are described as 
being unimportant. 
(d) Appointment on prestige projects seems to be meaningful for big firms, while small 
firms do not consider this factor in the bidding process. 
It is clear that factors such as those above can affect the decision-makin
g process of 
tenderers in the application of their mark up. However, the influence on
 the accuracy of 
submissions is more difficult to establish. Few papers have been publish
ed on the impact on 
accuracy levels of contractors estimates of independent factors. Althoug
h each bidding 
event is unique, many factors are common and the results of the few in
stances of such 
studies are summarised below. 
(a) Market conditions 
The appropriate tender price for a specific tenderer is considered to be 
significantly 
influenced by market conditions. This refers particularly to the current 
and projected 
workload of any tenderer i hen a recession occurs there is normally le
ss work available, 
inevitably leading to greater competition between contractors, whilst th
e higher the 
workload, the higher will be the bid price (Flanagan and Norman, 1985; Drew, 1990). 
A 
multivariate analysis of contractors' bids referred to by Skitmore (1990b), reveals that t
he 
year of tender is a major influencing factor determining the profile of the distribution of 
Chapter 5 
tenders. Beeston (1975) states that the spread of tenders increases under competitiv
e 
conditions. 
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Figure 5 .2 illustrates the mean value of coefficients of variation for 293
 tenders for a 
variety of projects in the UK between 1969 and 1979. The 95% confidence interval is 
also 
shown. 
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FIGURE 5.2 AVERAGE CV OF UK TENDERS: 1969 -1979. 
( Adapted from: Skitmore, 1987c) 
The visible 'hump' between 1972 and 1976 coincides with an extre
mely 'poor' economic 
period in the UK (as measured by a drastic fall in demand) experienced in 1974 (S
kitmore, 
1987c, p. 180). Skitmore's explanation of this phenomenon is: 
"The start of the steep fall in orders at this time suggests the interpretation that 
bidders hqd substantially different workloads or perceived future workloads, resulting 
in widely differing pricing strategies. An alternative explanation is that bidders were 
simply uncertain of the 'going price' for the projects at that time. " 
A further analysis of the annual CV's, after extracting the three ind
ividual highest tenders, 
is given in Figure 5.3. 
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85 
The assessment of variance provides evidence t
hat the highest tenders have a major impact 
on the spread of tenders, particularly in times o
f unstable economic conditions. 
(b) Project size I value 
Only one reference source dealing with this fact
or in relation to the tendering performance 
of building contractors, is referred to in the lite
rature. The study, presented by Drew and 
Skitmore (1990) of bidding performance of contractors on 
certain public sector projects in 
Hong Kong between 1982 and 1988, provides a
 number of interesting results. 
Their findings confirm Flanagan.and Norman's
 (1982b) contention that "tendering strategy 
in general is affected by the type of project and value range". The main
 conclusions of the 
Hong Kong investigation are: 
(a) the competitiveness of individual tenderers is influence
d to varying degrees by 
contract type and size, 
(b) large contractors appear to be more competitive on la
rge contracts. 
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(c) Number of bidders 
Empirical studies indicate that under conditions where a contractor
 is forced by competition 
to lower the mark-up, there is a likelihood that this will be compen
sated for by attempting 
to improve the accuracy of the cost estimate (Runeson and Bennett, 1983). It is re
asoned 
that a greater number of tenders is likely to reduce the lowest bid 
(Beeston, 1983; Runeson 
and Bennett, 1983; Flanagan and Norman, 1985) and produce a larger range betw
een the 
lowest and highest tender. 
Flanagan and Norman (1985) observe that although large tender lists might imply
 the 
automatic securing of competitive prices, there is little to be gaine
d by having more than 
about four or five tenderers on any list. 
McCaffer (1976), in a survey of tenders on 168 road contracts, investigates the re
lationship 
between the low bid, the mean bid and the design engineers estima
te. As indicated in 
Figures 5.4 and 5.5, the standard deviation of the differences decre
ases with the increasing 
number of bidders. A possible explanation for this phenomenon is
 that the nature of the 
projects leads to greater consistency in tendering on these contracts. 
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It is noticeable that the pitch of the trend line flattens as an increasing number of bidd
ers 
per project is reflected. This supports the proposition that large tender lists do not produce 
significant benefits in terms of lower tenders. 
(d) Other factors 
Few other factors which could conceivably affect contractor's tenders appear to have
 been 
seriously investigated. One of the few exceptions is the study conducted by Wilson e
t al. 
' (1987). Their study of 410 projects for a public sector client in Victoria, Australia reveals 
that, contrary to industry opinion, open tendering does not produce more tenders (and 
therefore competition) per project than selected tenders . . 
Flanagan and Norman (1985), in a study of the relative efficiencies of firms on the tender 
list conclude that the inclusion of contractors considered by their peers to be efficien
t 
tenderers leads to lower bid prices. 
The awareness of the effects that the above factors can have on a tenderer' s pricing s
trategy 
is important to design consultants. An understanding of these issues may be construc
tively 
used to refine pre-tender estimates and to select contractors for inclusion in tender lis
ts. 
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5.3 FACTORS AFFECTING ESTIMATING ACCURACY 
Numerous studies on the factors affecting estimating accuracy hav
e been undertaken in the 
UK. Bennett et al. (1981), Beeston (1975), Ashworth and Skitmore (1982), Flan
agan and 
Norman (1983), Morrison (1984), Sk.itmore (1987a), Sk.itmore and Tan (1987), a
nd Betts 
and Gunner (1989) cover a wide spectrum of issues. These are summarised by O
gunlana 
(!989) in attempting to establish the most important elements with respect to estim
ating 
accuracy. 
The facters considered in these reports include those related to pro
ject specifics such as the 
type, size, duration and geographical location of the development;
 tender issues, including 
the number of bidders and the economic state of the construction m
arket; the level of 
information available; and the ability of the estimator. 
The following factors highlighted in a Doctoral Thesis by Ogunlan
a (1989), are presented 
as the basic listing for detailed examination. Additional items that 
have been analysed by 
other researchers are presented separately. Whilst the likelihood o
f any one of the listed 
factors acting independently of others is very small, the number o
f possible combinations 
prevents multivariate analysis being applied, prior to the factors b
eing identified. 
5.3.1 Historical cost data 
Although virtually no research seems to have been conducted to te
st the relationship 
between estimating accuracy and the availability or use of differen
t forms of historical cost 
data, there appears to be a degree of common influence between t
his factor, the experience 
of the estimator, and the level of design information available for 
price forecasting. 
As indicated in Chapter 3, Jupp and McMillan (1981) is the only study which att
empts to 
ascertain the impact on estimating accuracy of using different leve
ls of cost data for pricing 
purposes. The findings ·of Jupp's (1984) research, confirming that priced bills of
 quantities 
are the most widely used source of price information by quantity s
urveyors, and that 
preferably three bills, not more than two years old should be used
 for this purpose, sets the 
foundations upon which any test can be applied. This is especially
 relevant in South Africa 
where the availability of both 'in-house' and published price data 
is extremely limited. 
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In addition to· research of this nature, attention needs to be paid to the 
fallibility of the 
published 'price books' that are available locally, and the validity of u
sing indices which 
are often based on very small and statistically suspect samplings. 
When applying historical cost data it is important that the prices
 being compared be 
carefully studied to determine the influence of 'preliminaries' on rates
 used (Bennett et al., 
1981; Betts and Gunner, 1989). The same authors stress the vital need, when using
 total 
contract values, to differentiate between those including the value o
f PC and Provisional 
Sums or not. 
5.3.2 Estimator's expertise/ experience 
A number of studies have been undertaken on this aspect, although no
ne of the research has 
been conducted in South Africa. As few of the studies differentiate bet
ween 'experience' 
and 'expertise', some comments in this regard follow. 
Skitmore (1985), in examining the influence of professional expertise in building price
 
forecasts, indicates that notwithstanding some improvement in estimati
ng performance with 
increasing experience being evident, no definitive trend for differing le
vels of experience 
can be proven. In a later, more extensive study, Skitmore et al 's (1990) subjects are 
categorised in five groups, based on length of experience. These are, (a) 5 to 14 years
, (b) 
15 to 24 years, (c) 25 to 29 years, (d) 30 to 34 years, and (e) 35 to 44 years. Observat
ions 
of the estimating performance of the groups reveal that the least expe
rienced group display 
a high degree of variability in expertise level. While demonstrating an
 above average 
performance on certain building types, this is counterbalanced by extre
mely poor 
performance on others. 
The variability in expertise level of group (b) is minimal for all building types invest
igated. 
The group with between 25 and 29 years experience generally display a
 highly variable 
degree of expertise, having the lowest level of competency for several
 building types. The 
most experienced groups generally exhibit low expertise variability wi
th building type and 
demonstrate a high level of expertise for all building types. It is surmi
sed that the poor 
performance of group (c) is due to subjects possibly lacking sufficient practice, due to 
involvement in other office activities such as management. The group
s are ranked by 
Skitmore et al. in terms of suitability to estimating as follows: 
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1 Experience 35 to 44 years 
2 " 15 to 25 " 
3 " 30 to 34 " 
4 " 5 to 14 " 
5 " 25 to 29 " . 
Some of the other findings of the above research are: 
1) There is a tendency for estimators to specialise more in early stage forecasting as 
greater experience is gained. 
2) The number of forecasts produced by an estimator and the length of experience do 
not necessarily determine the level of expertise attained. These two factors must be 
considered together with other factors such as the type of experience and 
personality characteristics. 
Estimator experience and expertise are widely considered as being of primary importance. 
This viewpoint is supported by the findings of a survey on early design stage conceptual 
estimating practices of 29 companies in the USA conducted by Ashley et al. (1988), as 
cited by Ogunlana and Thorpe (1991). 
Experiments conducted (Jupp, 1981; Skitmore, 1985), suggest a distinct difference in 
accuracy levels between forecasters. Skitmore's (1985) experiments with "experts" and 
"novices" indicates that the most consistent forecasters are found to be associated with, in 
order of importance, high recall abilities, self-professed expertise, low mental imaging of 
physical characteristics of the building, high general and specific project estimating 
experience (Tan, 1988). 
Some of the findings of Skitmore et al's (1990) extensive report on the expertise of 
construction estimators are: 
l 
* Forecasters are generally optimistic in their expectations relating to their own 
forecasting quality. 
* There are indications that as soon as the forecaster is given an indication of the size 
and type of building, an opinion of the nature of the building and its associated 
market price is formed. 
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* The acquisition of expertise seems to be an ongoing process, i.e. there is no time 
limit after which forecasters will have acquired all the necessary skills. 
* A limited number of estimators receive any post qualification training in forecasting 
skills. The degree of accuracy of forecasts found to apply to Skitmore's subjects 
increases with greater claimed post qualification training in early stage forecasting. 
Feldman (1986), as cited by Ogunlana (1991), recommends the following four steps for 
improving learning from experience: 
(1) increasing the amount and immediacy of useful feedback, 
(2) creating a social environment that requires learning, 
(3) training workers to be experts in both the substance and process, and 
( 4) not expecting infallibility. 
Skitmore et al. (1990) imply that better performance is obtained from estimators that 
specialise in this activity. However, a tentative attempt to test this hypothesis in Singapore, 
as cited by Gunner and Betts (1990), provides inconclusive results. 
In neither of the price modelling research programmes carried out recently in South Africa 
(Billett, 1990; Bowen, 1992), has this aspect been dealt with. However, since at least 75 % 
of South African quantity surveying practices consist of 5 members or fewer (Billett, 
1990), it is unlikely that many firms are able to use 'dedicated' estimators. 
5.3.3 Level of design information 
Hammond's (1980, 1981) cognitive continuum model identifying 'analytical', 'intuitive' 
and 'semi-rational' tasks is cited by Ogunlana (1991) when offering the view that building 
price forecasting is " a semi-rational task, combining intuitive judgements of the market 
and cost relationships, with the analytical task of calculating quantities and rates" as 
illustrated in Figure 5.6. 
The figure portrays the situation that a pre-tender estimate is more analytical than an early 
stage budget estimate and that all estimates combine analysis with intuition (Ogunlana, 
. 1991). 
Chapter 5 
Q) 
> 
:, 
C: 
r,,,,,$1'':" ;
Inception 
Cl >, 
C: ..... 
. 
Project Development Stage 
FIGURE 5.6 BUILDING PROJECTS TASK ENVIRONMENT. 
( Adapted from: Ogunlana, 1991) 
C: 
<{ 
Final A~count 
92 
The issue concerning the improvement of estimating accuracy with an i
ncreasing source of 
information, revolves around two issues. The first issue concerns the inf
erence that 
increased information about the project for which predictions are being made tend to reduce 
uncertainty due to better scope definition. Skitmore' s (1985) experiment tests this 
proposition. This study involves a group of estimators being provided w
ith increasing 
amounts of information about a contract to be estimated, in addition to i
nformation on 
similar past projects. The use of past contract information is found to have no significant 
effect on accuracy levels (Tan, 1988). . 
The second issue concerns the perception that the use of more price info
rmation is 
statistically expected to reduce the effect of possible error in historical co
st data. Jupp and 
McMillan (1981), when testing this hypothesis using cost data from different numbers of
 
bills of quantities, find that no advantage is gained by using more than 3
 bills of quantities 
(Ogunlana and Thorpe, · 1991). 
A study by Bennett (1987) investigates the reliability of other data sources by conducting
 
an experiment in employing eight subjects to price fifty items of building work four times, 
using a different standard price book on each occasion. The resultant tot
als for each book 
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show a marked variability, with one book significantly outperforming the others (Skitmore, 
1988a). 
The question of whether the level of information available to the estimator has any 
significant effect on improving accuracy of forecasts is a highly debatable issue, with many 
contradictory opinions being expressed. Tan (1988) states that most research shows that the 
level of information has little effect on estimating performance. Reference to the 
comprehensive review of estimating accuracy made by Ashworth and Skitmore (1982) 
indicates a coefficient of variation of 15% - 20% to be applicable in the early design 
stages, improving only to 13% - 18% at tender stage. Morrison's (1984) research also 
indicates that the accuracy of estimating does not improve appreciably during the 
development of a design when more detailed information is av~able. 
One of the conclusions derived from the 1985 report on "The influence of professional 
expertise in construction price forecasts" produced by the Department of Civil Engineering 
at Salford University, is that the surveyors most accomplished at the estimating task show 
very little improvement in forecasting accuracy on receipt of increasingly comprehensive 
information 'chunks' . 
It is concluded that the expected 'funnel' effect (Figure 4.2), does not apply to expert 
estimators. These estimators are capable of accuracy levels normally associated with 
detailed estimates when only a very minJmal amount of information is provided, i.e., given 
only the building type and size, the experts are able to provide price forecasts with an 
accuracy level equivalent to an average practitioner pricing full estimates (Skitmore, 
1988c). 
The above view should be compared with the 'findings' of the later estimating experiments 
described by Skitmore et al. (1990), as recounted in Chapter 4 of this dissertation. The 
conclusions derived from the test of releasing increasing amounts of information in four 
l 
stages to estimators include the statements that, (a) overall consistency improves in the first 
two of the four stages of design information release, and then remains constant through 
levels 3 and 4; (b) a much greater inconsistency exists within each information level than 
between levels; and (c) accuracy is a curved positive function, possibly asymptotic, of the 
amount of information received. 
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This last aspect (item c) is emphasized by the statement, "Acc
uracy therefore ... shows a 
smooth increase through the information levels, with a suggestion of an 
asymptotic curve, 
exactly as predicted by the theoretical literature" (Skitmore et 
al., p.180, 1990). This 
statement is challenged on the grounds that the cur
ve referred to is the so-called "funnel" 
effect commented upon in Chapter 4 of this dissert
ation (Figure 4.2), denoting the whole 
pre tender design process, whilst the limited releas
e of 'chunks' of information in Skitmore 
et al's tests reflect a condition more comparable with the
 early design stages only. 
Skitmore et al. (p. 14, 1990) summarise the difficulties experienc
ed in assessing the 
importance of this factor by stating: 
" The general lack of empirical research into the effect of information an
d 
different types of information available to the construction price forecast
er is 
of major concern here, as a great deal of prescriptive and normative 
literature has been produced on the assumption of the importance of this
 
factor." 
5.3.4 Market conditions 
This factor is closely linked to other items likely to
 affect the estimating performance of 
quantity surveyors, particularly the number of bidd
ers. Several authors (Stone, 1983; 
Hillebrandt, 1985) observe that tender prices rise as demand in
creases and fall when 
demand declines. This represents a normal market
 condition arising from the fact that the 
demand for buildings increases in the growth phase
 of the business cycle and recedes in the 
recession phase. 
Hindle (1991) comments, as does Snyman (1985), that the deg
ree of competition depends 
upon the amplitude of the cycle, noting that in sev
ere recessions the competition becomes 
so fierce that contractors are even prepared to tend
er at their estimated cost (excluding any 
profit mark up) in order to maintain turnover. 
' 
Figure 5. 7 indicates the general degree of competition fo
r work in South Africa between 
1975 and 1991, as presented by the Bureau of Econ
omic Research, University of 
Stellenbosch. The graph, which is based on the op
inions of contractors, is of a qualitative 
nature only. 
, .... ; 
Chapter 5 
1 
z 
0 
i= 60 i= 
w 40 n. 
~ 
0 20 
0 
IL 0 
0 
w -20 
w 
a: 
-40 0 
w 
0 -60 
~975 1977 1979 1981 1983 1985 1987 198
9 1991 
FIGURE 5.7 DEGREE OF COMPETITION IN TENDERING. 
( Source: BER National Survey.) 
95 
The 'shading' on the above graph indicates the official economic growth cycle
 phases as 
recorded by the South African Reserve Bank. These growth phases are also ap
plicable to 
Figure 5.8. 
Snyman (1989) comments that the indices published in South Africa reflecting the 
measurement of change in tender prices display certain characteristics which s
hould be 
noted by the estimator. These include: 
* Tender prices rise rapidly during the upswing phases, 
* Tender prices decelerate during the recessionary phase, 
* Tender prices rise faster and to a higher level in the long upswing phases tha
n in the 
shorter bnes. 
Figure 5. 8 demonstrates the degree of correlation between the BER Index repr
esenting 
relative changes in tender pricing, and the BER 'competition in tendering' dat
a referred to 
previously. 
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While the effect of market conditions on tende
ring levels can be easily established, the 
response of the estimator is not well document
ed, although market conditions have long 
been thought to have an effect on forecasting a
ccuracy. 
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One of the more pertinent observations in this r
egard is articulated by Skitmore (1987c). In 
an analysis of the market effect on constructio
n prices, he concludes that the changes in the 
state of the market, in terms of interrelated feat
ures such as changing price levels for 
diverse types and sizes of contracts in varying 
economic circumstances in different 
localities at various times, is the true source o
f changing accuracy levels (Tan, 1988). 
Although it could be expected that the importa
nce of the'awareness of market factors would 
be universally recognised, Hayes et al's (1987) survey of
 North American companies' 
views on early stage conceptual estimating, su
rprisingly indicates that information about the 
' 
market environment is not highly considered. 
Equally surprisingly, the number of attempts t
o establish this relationship empirically are 
extremely limited. One of the earlier investiga
tions uses data obtained from the 
Commonwealth of Massachusett' s Department
 of Public Works on 691 highway projects 
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between 1966 and 1974 (De Neufville et al., 1977). This report shows a distinct differe
nce 
in estimating accuracy between 'good' and 'bad' years, which are define
d as years with the 
greatest and least activity for contractors. 
The study concludes that estimates made in 'good' years are generally lo
wer than those 
made in bad years, independent of the number of bidders for a project These differences 
are lagged as estimators only gradually appear to become aware of the c
hanges in 
construction activity and the resulting price levels. These observations a
re supported by 
Harvey's (1979) analysis which shows that cyclical variations in different regions of 
Canada tend to match the state of the construction market in those regio
ns. 
In more recent studies, the Property Services Agency (1981) shows that differences in 
estimating error coincide with the level of uncertainty in the building in
dustry. Skitmore 
(1988a) likewise reiterates that underestimates and overestimates are generally associated
 
with the greatest and least activity for contractors. Flanagan and Norma
n's (1983) report 
also finds variable estimating performance which is ascribed to estimato
rs not responding 
quickly enough to changed market conditions. This view is supported by
 Gunner and Betts 
(1990). 
Tests conducted on 51 projects in the UK between 1983 and 1988 by Ogunlana and Thorpe 
(1991) are portrayed graphically as having quite substantial fluctuations in terms of mea
n 
accuracy and CV for different years. However, the authors disclose that
 analysis of 
variance tests indicate that there is no significant variation in accuracy a
ccording to the year 
of tender. 
A study of cost planning performance on 199 government construction p
rojects in Victoria, 
Australia (Mills, 1991), refers to instances of inaccurate cost planning (presumably base
d 
on price forecasting), as measured by a ratio of the tendered amount compared with the 
estimated cost plan. This, it is stated, is possibly caused by quantity sur
veyors basing their 
cost plans on information derived from previous years, which have been
 derived under 
vastly different economic conditions. 
Figure 5. 9 indicates the degree of accuracy of estimates as measured by th
e ratio of 
tendered price to the estimated cost plan. 
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FIGURE 5.9 AVERAGE ANNUAL RATIO OF TENDER: ESTI
MATED COST PLAN. 
( Source: Mills, 1991) 
It is noticeable that the marked performance drop in 1990 coincides
 with a time of 
diminished construction activity. From the above, it is apparent th
at quantity surveyors 
internationally react slowly to anticipated and actual economic mar
ket variations. It is not 
known if this is the case in South Africa. It would appear, however
, as if the ability to 
respond expeditiously to these indicators, is a distinguishing featur
e between competent 
estimators and those who do not perform adequately. This is succi
nctly commented upon 
by Skitmore (1985), when stating that the estimators exhibiting the greatest exper
tise in 
tests conducted by him are found to be better in (amongst other characteristics) 
•maintaining familiarity with the market and overall price levels than others•. 
5.3.S Type of project 
An examination of this factor needs to consider firstly, the form of co
nstruction indexing, 
i.e. a classification structure such as the CI/SfB system, and secon
dly, what sub-division 
within each foqn should be separated. 
With regard to the building type to be identified, the researcher is 
essentially faced with a 
decision as to whether to use a formally identified structure (e.g. CI/SfB; and BE
R 
Building classification system), or to rely on a subjective classification of building typ
es, 
based on use. In Chapter 7 of this dissertation, the CI/SfB Table O
 classification structure is 
used. The categories are: utilities and civil engineering facilities; i
ndustrial; administrative, 
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commercial, protective service facilities; health and welfare; recreational; religious; 
educational, scientific and information facilities; and residential. 
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Further subdivision such as project value and floor area / volume are dealt with separately 
under the heading of 'project size'. Quality, structure type and plan shape are considered 
under the section of 'project complexity', whilst other issues related to certain building 
types are investigated independently (e.g. length of construction period). 
A further important consideration is whether any trend specific to a building type is caused 
by a strong relationship with one of the possible subdivisions referred to above (e.g. power 
stations, being considered structurally complex); or if the trend is essentially due to the 
specific estimator being more familiar with a particular use of building (e.g. a quantity 
surveying firm handling many school projects). In the latter case, the primary cause for any 
trend found is related to 'experience/ expertise' and not to the inherent characteristics of 
the building itself. 
A study of the literature reveals numerous examples of variable estimating performance 
between different forms of construction or building types. However, in many instances it is 
not easy to clearly determine the primary cause for such variance. For instance, a cause of 
variability in any set of figures could be that not all the estimates tested are produced by the 
same estimator, or estimators with the same background or ability. 
The following text refers to the primary sources of data in this field. The evidence from 
these studies suggests that achieved estimating accuracy relates to project type. 
McCaffer's (1976) analysis of 132 Belgian Public Works building projects and 168 Belgian 
road projects reveals that the estimates for the building contracts are less accurate (5 .2 % 
mean underestimation) than those for road projects (1.5% mean underestimation). 
Complicating this analysis however, is the fact that the estimates for the building projects 
are more consistent than those for the road contracts. 
The results of Harvey's (1979) analysis of 2401 Canadian Public Works contracts let 
between 1973 and 1976 indicate that the accuracy levels of the building contracts in the 
large sample are generally slightly poorer than those for non-building contracts. A report 
produced in the same year, Merrow et al. (1979) describes unusually high inaccuracy levels 
in nuclear power plant estimates, implying that the level of accuracy achievable on 'new' 
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or unique types of construction is very low. This is consistent with the record 
of vast 
estimating errors occurring on 'one-off structures such as those mentioned in 
Chapter 2 of 
this dissertation and is ostensibly related to the magnitude of uncertainty on su
ch contracts . 
The Property Services Agency (1980) observe, from an analysis of the estimates obtained 
from six separate UK public sector quantity surveying offices, that housing an
d school 
projects are associated with higher degrees of accuracy than other building types. In 
addition, estimating tends to be better on types of projects on which the estimator has had 
extensive personal experience, such familiarity being associated with up to 40%
 
improvement in forecasting accuracy 
Similar results are also revealed by Skitmore (1985) in experiments conducted with a small 
number of quantity surveyors in which quite different low bid / estimate ratios
 are recorded 
between schools and houses on the one hand, and offices on the other. The me
an accuracy 
levels recorded for the various building types observe a range of 32.28 % . 
The only analysis of this factor found to reflect a contrary opinion is that of S
kitmore 
(1988b). A total of 33 UK local authority building contracts of different types of use are 
examined, and no significant differences in bias of percentage errors between 
the project 
types nor any difference in consistency is revealed. The small sample size is p
ossibly the 
reason for these different findings. 
In reviewing the above evidence it is concluded that subjective decisions, with regard to 
project type affecting price forecasting accuracy, is still necessary. This opinion is shared 
by Skitmore et al. (1990) when commenting that: 
" .... This suggests the conclusion that differences between the quality of 
forecasts .... , especially differences in consistency and accuracy, are more 
attributable to differences between subjects than contracts. " 
5.3.6 Project complexity 
This is perhaps the most difficult factor to define in terms of a standard for m
easurement 
purposes. Tan (1988) states that complexity is also subject to changing technology; what is 
considered technologically complicated today may well be considered common
place in a 
short period, due to advances through research, or continued application and d
evelopment 
through experience / expertise. 
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The limited number of studies pertaining to aspects of this design feature deal either with 
(a) design aspects such as plan shape or complexity of design detail, and (b) the differences 
between 'new' building work and alterations to existing structures. 
Tan (1988), in analysing the results of his study of 67 construction projects for NASA, 
contends that the projects classified as "sophisticated" and those with a plan shape 
described as "very irregular" are the most consistently accurately estimated with an 
underestimation of less than 0.5%. However, Skitmore (1988b), in referring to the same 
data pres·ents a contradictory opinion. In his view, consistency of estimates generally 
deteriorates with increasingly complex designs. 
In analysing 33 Local Authority building projects, Tan (1988) indicates that the accuracy of 
estimates of alteration work is higher than those of new build construction. Skitmore 
(1988b), in commenting on these projects notes that the alteration work is less biased than 
the 'new building works', but places the findings in their correct context by observing that, 
because of the limited sample sizes, in none of the instances quoted is the magnitude of the 
results significant, . 
Skitmore et al. (1990) confirm that the estimators indicate that whenever uncertainty 
prevails, the experienced estimator normally seeks out more information, in order to avoid 
taking risky decisions. 
The complexity factor is likely to be more significant in the decision-making process in the 
very earliest stages of design development than at the pre-tender stage. The ability to. 
conceive, and allow for, extra costs due to complexities in the initial phase of project 
development is considered as a significant factor in assessing the expertise of an estimator. 
5.3. 7 ~oject size 
Recognition of the effect that project size has on price forecasting performance, appears at 
first to be easier to establish than certain of the other factors studied. However, closer 
examination indicates a complex problem, involving consideration of aspects as diverse as 
the measurement of the physical properties of buildings, and the psychological approach to 
the compilation of tenders by contractors. 
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'Project size' can be construed to mean the physical parameters o
f the building (i.e. height, 
area, volume), or a defined interpretation associated with the 
'value' (i.e. either cost of 
erection, price paid by client, or intrinsic value to
 a party). 
The only study found linking price forecasting pe
rformance and physical measurements of 
buildings is that of Tan (1988), subsequently commented upo
n by Skitmore (1988b) .. Tan 
notes, from the analysis of 67 projects built for NASA, that cons
istency of estimates 
improves with increasing floor area. However, h
e also comments that a similar analysis of 
33 buildings erected for a local authority in the U
K reveals no apparent trend of this nature. 
A complication when reflecting on appraisals base
d on building value, is that many authors 
refer to 'small' and 'large' projects without due attention to wha
t these terms may convey. 
From the perspective of the consultant quantity s
urveyor, a small firm (possibly comprising 
only a sole proprietor, such as is common in Sout
h Africa) may consider a project of R 1 
million as a 'large' project, while a larger firm may classify the 
same project as 'small'. 
In searching for reasons why larger projects may attract better es
timating accuracy, 
Ogunlana and Thorpe (1991) suggest that a major cause could be
 the managerial aspect that 
favours keener cost estimating (tendering) in high value projects.
 In support of this theory, 
it is suggested that as construction cost estimates a
re costly to prepare, only large projects 
can justify devoting much time to this activity. Once more, no re
cognition is given to 
differing interpretations of worth to other parties. 
'Small' contracting firms may adopt a 
perfectly acceptable level of attention to the comp
ilation of tender estimates for jobs of 
lesser value. 
A large measure of contradictory opinion, with re
spect to the effect on forecasting 
performance of project size, is presented in both the theoretical a
nd empirical studies. In 
the paper referred to above, it is conceded that a c
ontrary position does exist. The 
argum~nt is presented that large projects have higher levels of in
herent uncertainty than 
smaller projects. The supporting evidence is contained in Runeso
n's (1988) paper, 
suggesting that since large projects tend to attract more bids than
 small projects, they show 
higher variability. Ogunlana and Thorpe speculate
 that "it may be that many of the 
contractors are not so keen to win the contract but wish 
to maintain close relations with the 
client." The above scenario is considered unlikely to app
ly in South Africa. It is generally 
recognised that 'large' contracts attract fewer bidd
ers than projects in the hypothetical 
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'intermediate' value range, due mainly 
to the few contracting firms able to und
ertake 
projects of a substantial nature. • 
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A comprehensive literature search reve
als that the only researchers suggesting 
that building 
size (value of contract), has no effect on the qua
ntity surveyor's accuracy of price 
forecasting are McC~fer (1976) and Wilson et a
l. (1987). 
Even less support is provided for the be
lief that accuracy of estimates is reduced
 with 
increasing project size. The only evidence of such a
n opinion is provided by Harvey (1979) 
in her thesis on competitive bidding on 
Canadian public construction projects. 
The vast majority of researchers appear to support 
the suggestion that quantity surveyors' 
estimating generally tends to be better o
n large projects. The Property Services Agency's 
(1980) comprehensive research report is the earli
est reliable reference source indicating t
his 
opinion, although it is observed that co
ntrasting results are found in different d
ata sources 
used for the study. 
Skitmore (1988b), in commenting on Tan's (198
8) research, notes that there is a general 
trend of improving accuracy with increa
sing contract value for both the NASA a
nd UK 
projects (referred to above in connection with build
ing area analysis). 
This tendency appears to be fairly wide
spread, as indicated by the results of a s
tatistical 
analysis carried out by Betts and Gunne
r (1989) on projects handled by an international 
firm of cost consultants in their Singapo
re offices. In this study, an arbitrary div
ision of 
project values is made. An insufficient number of p
rojects in the range of $35 million and 
$200 million could not justify analysis. However, a
 summary of the coefficients of 
variation on the other jobs provides the following f
igures: 
1 
2 
3 
< $10 million 
i> $10 but < $35 million 
> $200 but < $700 million 
14.2% 
12.1% 
5.2% 
The data within each of the categories i
s very small and conclusions drawn from
 the results 
should be regarded as indicative, and no
t proof, of a trend. Similar results are a
chieved by 
Ogunlana and Thorpe (1991), and Mills (1991) i
n case studies on large numbers of 
contracts of varying value in the UK an
d Australia respectively. In both instanc
es the 
projects studied are arbitrarily divided into differen
t value ranges. Mill's report specifically
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notes the effect of work value on various aspects o
f the procurement process. Overall, as 
the value of the project increases, the range of tenders received re
duces. The results of 
Mill's survey, illustrated in Figure 5.10, show the r
ange of tenders and the average CV of 
the tenders received. 
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In contrast with the smaller projects, those valued over $3 million
 have a smaller range of 
tenders and the bids are significantly more uniform
. The reduction in the coefficient of 
variation amongst bids, which suggests keener com
petition, is also noted in the UK study. 
The significant improvement in the quantity surveyors e
stimating performance as proven by 
Ogunlana and Thorpe is illustrated in Figure 5 .11. 
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Further to the above, Skitmore et al. (1990) conclude that price fo
recasters tend to under-
estimate smaller and / or over-estimate larger .size bui
lding projects. No reason is given for 
this phenomenon but it is possibly due to differing psycholo
gical approaches being adopted 
by estimators; such as the fear of possibly greater mag
nitude of repercussions relating to 
'errors' on large jobs - often done for major clients. This does not nec
essarily imply 
unprofessional conduct in respect of smaller appointm
ents; merely a possible over-anxiety 
to perform well on the 'more important' jobs. 
Another interesting observation of Skitmore et al. (1990) is the im
plication that low price 
intensity contracts (based on rate per floor area), are more accurat
ely forecast than high 
price intensity projects. Again, no reasons to explain this circumstanc
e are provided. 
However, it is presumed that while this may be releva
nt in the early stage estimating 
systems (e.g. single-price rate methods), it is unlikely to be applic
able at the pre-tender 
stage if bills of quantities are utilised. 
Notwithstanding the opinions expressed above, it wou
ld appear as if project size is strongly 
linked to other factors such as type of project, complexity, number of
 bidders, and quite 
possibly to individual estimators' pricing philosophy. 
Skitmore et al. (1990) reflect a 
similar view when commenting on the research of Fla
nagan and Norman (1983). The 
opinion is expressed that differences in relationships r
ecorded between sets of data " seem 
to indicate that, if a contract size (value) biasing effect does exist, it is not u
niversal in 
either its strength or direction, but somehow dependant on th
e source of the forecast. " 
(Skitmore et al., p. 9, 1990) 
S.3.8 Number of bidders 
As expected, evidence indicates that the number of ten
derers per project fluctuates 
according to the economic climate being experienced. 
The study by Hindle (1991), 
although reflecting a regional condition in South Afric
a, is likely to fairly represent the 
national situation, confirming this assertion. His findin
gs are illustrated in Figure 5.12. The 
reduction in the number of tenderers bidding on projects during the 'u
pswing' cycle 
(shaded area) is in marked contrast to the increase during 'downsw
ing' periods. It should 
be noted however, that on individual contracts, the nu
mber of bidders is not always an 
indication of intensity of competition. 
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FIGURE 5.12 DEGREE OF COMPETI
TION IN TENDERING IN WESTERN
 CAPE. 
( Source: Hindle, 1991) 
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There are mixed opinions with regard to
 the effect that the number of bidders ha
ve on 
tender prices. Wyskida (1986) is one of the few a
uthors to suggest that the number of 
bidders has no effect on price. Most rese
archers, including McCaffer (1976), Wilson et al
. 
(1987), Skitmore (1987c), and Mills (1991) conte
nd that as the number of tenders 
increases, so the average value of the te
nder falls. This contention is clearly sho
wn in 
Figures 5 .4 and 5 .5. The number of bidder
s involved would seem to affect the pric
es in the 
order of 20% to 25 % (Skitmore, 1987c). Runeson
 and Bennett (1983) observe that as the 
competition increases, not only does the 
price level fall, but the accuracy of the 
contractor's cost estimates on which the
 tenders are based, is improved and the 
mark-up 
becomes more consistent. 
Flanagan and Norman (1985), suggest little is to b
e gained from inviting more than five 
contractors with single stage selective te
ndering. Other authors appear to suppor
t this view 
(Drew, 1990; Mills, 1991), commenting that to c
all for a larger number of tenderers only
 
adds to the cost of the tendering process.
 However, the studies conducted to date
 on the 
effect of the number of bids on the price
 forecaster's accuracy, have not provide
d 
conclusive results. 
107 
Chapter 5 
Ogunlana and Thorpe (1991), in stating that the relationship be
tween number of bidders on 
a contract and estimate accuracy evolves from the d
egree of competition amongst bidders, 
propose that as projects with more bidders are expected to provide
 wider variability 
between tenders, design price forecasts may conseq
uently be less accurate. 
The probable effect of this condition is that prices w
ill be lower than that anticipated by the 
estimator, possibly resulting in over-estimation. Sk
itmore (1988b), in commenting on the 
data in Tan's (1988) study confirms this trend when examining
 both the NASA and UK 
projects. 
Figure 5 .13, illustrating the results of an empirical s
tudy in Australia supports this 
reasoning. 
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FIGURE 5.13 TENDER/ ESTIMATE RATIO BY
 NUMBER OF TENDERERS. 
( Source: Mills, 1991) 
Other researchers indicate that as the number of bid
ders increases, the price forecasters' 
accuracy improves. Prominent amongst these auth
ors are De Neufville et al's (1977) 
analysis of data on all new construction costing ove
r $100,000 by the Commonwealth of 
Massachusetts Bureau of Building Construction from
 1961 to 1974. The result is a curved 
negative relationship between low bid / engineer's 
estimates ratios and the number of bids 
received. The findings are shown in Figure 5.14. 
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The findings of Harvey (1979), Flanagan (1980), and Hanscomb Associates' (198
4) 
analysis of low bid / engineers estimate ratios on over 1100 US pr
ojects between 1977 and 
1983, also indicate a significant trend of improved performance wit
h increasing numbers of 
tenders. 
Contrary to the majority of previous studies in the field, the results of Skitmore et al's
 
(1990) experiments indicate that no correlation exists between competitive intensit
y. Recent 
empirical evidence in support of this theory is provided by an anal
ysis of 51 projects 
undertaken by Ogunlana and Thorpe (1991). This study shows no apparent trend i
n the 
mean accuracy. 
The linkage of this factor with others requires careful consideratio
n. For instance, the 
assertion by Skitmore (1987c) in citing De Neufville et al. (1977), that the good /
 bad year 
effect is separate from the number of bidders, needs to be analysed
 under South African 
conditions. Funher, when studying the 'project size' factor, the situation in South Afr
ica 
regarding the availability of contractors differs significantly from t
hat commented upon in 
overseas literature. Although the effect of large numbers of tender
ers on price forecaster's 
accuracy is expected to be the same as experienced overseas, it is a
nticipated that the result 
of combining project size and number of bidders may be entirely different. 
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5.3.9 Duration of project 
Ogunlana and Thorpe (1991) comment that a re
lationship between project duration and 
estimating accuracy derives from two 
sources and are more likely to affect a 
longer 
duration project than a shorter one. These sources
 are firstly, the need to allow for exter
nal 
changes in the project environment such as change
s in material and labour prices, and 
secondly, the likelihood of design and 
scope changes increases with project duration. 
Practically, in South Africa at least, th
e provision for price changes after ten
der submission 
is generally catered for by budgeting, 
either as part of the contract submissio
n, or 
separately, by reference to commercia
lly produced publications reflecting pa
tterns of 
activity in the construction industry. If pr
ovision is made in the documentation, 
this is 
normally done by insertion of a clearly
 identifiable allowance which is used in
 a similar 
manner to the normal 'contingency' s
um. Allowance for design, and limited
 scope changes, 
is normally considered to be a function
 of this contingency, and should be car
efully 
assessed, prior to its inclusion. When 
establishing 'accuracy'. of any estimate
, these 'fixed 
sums' should be excluded from the cal
culations if 'true' accuracy is to be ref
lected. 
Merrow et al. (1979) note that scope changes a
re more frequent on longer duration pr
ojects 
than on shorter ones and result in sign
ificant under-estimation of construction
 cost. This, 
however, can only be construed as affe
cting price forecasting accuracy if the 
target is 
determined by the actual completed co
st. The validity of using this price as th
e basis for 
measurement of estimating accuracy i
s discounted in Chapter 7. 
A link between project size, and project duration 
does exist (Kaka and Price, 1991). 
However, some projects are undertaken where an 
unusual balance is struck between thes
e 
two aspects (e.g. 'fast-track' jobs). Only one refer
ence in the literature to an analysis of
 the 
effect of project duration on estimating accuracy h
as been found. Skitmore (1988b), in 
commenting on Tan's (1988) data, observes a g
eneral trend of improving accuracy wi
th 
increasing contract period. Whereas th
is trend is particularly noticeable when
 dividing the 
projects into less than, and greater than 12 month 
periods, it could be a reflection of pro
ject 
size, as the results are fully in line wi
th those found for that factor. 
5.3.10 Geographical location of project 
Location exerts a powerful influence o
n the major components of construction cost and a
lso 
on the manner in which building desig
n is performed. Avery (1982) states that locatio
nal 
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influences can be considered in two groups. The f
irst group contains factors which may 
have an affect on the cost of executing work to an
y given design and consequently concerns 
tenderers as well as those engaged in forecasting t
ender levels. Features mentioned are: (a) 
remoteness from source of material supply, (b) labour cost 
and productivity, (c) water, 
power and sewage supplies, (d) water and power for the work
s and mechanical plant, (e) 
security, (f) climate and weather, (g) regional market conditio
ns or climate of tendering, 
and (h) local tendering customs. In the second group are fac
tors which influence design 
directly and are therefore of interest more specific
ally to those taking architectural 
decisions. 
In South Africa, with its wide range of climatic an
d geographic conditions, virtually all of 
the above are considered pertinent. Even within re
latively small geographic regions, certain 
of these factors may play an important part in the
 tendering strategy (e.g. differences in 
price levels of construction between neighbouring
 areas due to political violence). This 
allowance for 'local area' adjustments is often considered more d
ifficult than that to be 
made for working in distant regions. Relative pric
e information is freely published by both 
the Department of Statistics, and the Bureau of Ec
onomic Research, University of 
Stellenbosch, which can assist the quantity survey
or in this activity. 
Conclusions drawn from overseas experience (which is minim
ally recorded), can be 
considered inappropriate for South Africa. It is of
 interest, however, to note that whilst 
Harvey's (1979) analysis of variance shows significant differe
nces in estimating bias across 
the six Canadian regions studied, the results eman
ating from Ogunlana and Thorpe's (1991) 
empirical research are contrary to their expectatio
ns. Wilson et al. (1987) conclude their 
study by stating that it would appear as if location
 has no bearing on the accuracy of 
estimates. 
There is clearly scope for further research to be co
nducted in this field in South Africa. 
Exploration of this factor must necessarily reflect
 it's interrelationship with aspects such as 
the availability bf data, market conditions at the lo
cal level, type of project, and number of 
bidders. 
5.3.11 Other factors 
An aspect which is almost impossible to allow for is 
the keenness of some contractors to do 
work for certain clients, client types and consulta
nts. The reasons for this attitude may be 
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many, but financial reliability of client, prestige, and confi
dence in personalities or systems 
employed are suggested as contributory factors. 
It is generally believed that public clients attract a higher p
rice than private clients. Limited 
studies have also been conducted overseas to establish the e
ffect on tender prices of 
alternative procurement systems, such as open competitive
 tenders, selective competitive 
tenders, and negotiated contracts. Whilst definitely not con
clusive, it appears as if the 
lowest prices are given on open bidding with bills of quant
ities (Skitmore, 1987c). 
Except for Wilson et al. (1987), no research appears to have been under
taken to test the 
relationship between estimating accuracy and general procu
rement method. Figure 5 .15 
illustrates the results of the study on 393 Australian Public 
sector projects between 1979 
and 1982. 
30 
20 
E 10 
R 
R 
0 0 
R 
-10 
% 
-20 
-30 
1 2 3 4 5 6 7 8 
9 10 
Number of Bidders 
-. (a) Small -+- (b) Medium -llE- (c) No BOQ 
-e- (d) BOQ 
FIGURE 5.15 LOW BID/ ESTIMATE FOR VARIOUS P
ROCUREMENT SYSTEMS. 
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The illustration reflects four groups, namely (a) small projects estimated at l
ess than 
$A50,000 (b) medium sized projects over $A250,000 (c) large projects over
 $A250,000 
without bills of quantities, and (d) large projects over $A250,000 with bills 
of quantities. 
One of the major findings of the study is that those projects which have bills
 of quantities 
\ 
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as part of the contract documents, indicate a signif
icantly positive effect on the accuracy of 
estimates. 
5.4 CONCLUSIONS 
In this chapter, the factors affecting price forecast
ing accuracy are considered in the context 
of the competitive tendering process. No attempt h
as been made to link the estimating 
activity exercised by quantity surveyors with biddi
ng theory, due to the two disciplines 
being underpinned by fundamentally different theo
retic principles. 
Inspection of the factors listed in the hypothesis pr
esented in Chapter 1, reveals a high 
probabi 1ty of those considered as 'project specifics' being interre
lated with one or more of 
the other factors in the decision making process du
ring tendering. As each tendering event 
is unique, there is thus an obvious need for the pri
ce forecaster to carefully consider all 
items when compiling an estimate. 
The effect on estimating performance that each fe
ature exhibits is summarised as follows: 
(a) Type of project. This aspect generally only has an effect wheri 
estimates are prepared on 
types of project for which the estimator has extensive personal ex
perience. 
(b) Project complexity. Estimating accuracy displayed on buildin
gs which are considered 
'complex' is generally good. It is hypothesised tha
t the necessity to consider the unique 
details of the project at an early stage of design development facil
itates good performance. 
(c) Project size I value. The normal measure of project size used 
by researchers is the value 
of the development. The results of research carried
 out to date indicates that th~re is a 
distinct improvement in the relative accuracy of pr
ice forecasters' estimates on large 
projects as compared with smaller ones. 
(d) Number of bidders .. Mixed opinions are expressed on the effe
ct that the number of 
bidders has on the accuracy of price forecasts. The
re is some evidence that the optimum 
number of tenders is between 5 and 7, accuracy dim
inishing proportionally as the number 
of tenderers varies from this point. 
(e) Duration of project. There is a distinct relationship between th
is factor and project size. 
Research indicates that estimating accuracy increas
es for projects of a long duration. 
I 1.1' .,,..,;;......_ 
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(t) Geographical location. Results of overseas empirical research may not be applicabl
e to 
/ South African conditions. Indications are that this feature needs 
to be approached by 
treating each job as a unique event, thereby ensuring timeous consideration of detail 
involved. This is the only factor categorised above as 'project specific', for which it 
appears to be impossible to establish an interrelationship with all the oth
er sub-items under 
this heading. 
It would appear as if the likelihood of price forecasters' predictions bein
g affected by the 
historical price data factor is limited in South Africa, due to the small
 range of data sources 
available. However, even if these sources are expanded, on the evide
nce of studies 
conducted overseas, the main improvement potential would appear to
 be related to the use 
of more than one set of bills of quantities for pricing purposes. 
With respect to the effect that the level of design information has on 
estimating accuracy, 
the ability of expert estimators to achieve a standard of accuracy norm
ally associated with 
detailed estimates, with only a minimal amount of information is of p
rime importance. This 
would indicate that if expert price forecasters are employed, forecasti
ng techniques play a 
relatively unimportant part in the provision of accurate reports. 
If this is so, the suggested inaccuracy of early stage estimates is calle
d into question if 
competent estimators, using common data and provided with adequat
e feedback on 
previous performance, are used at all stages of design. The cognizanc
e of what Skitmore et 
al. (1990) refer to as the 'nature of the target', i.e. the factors discussed above, is th
en of 
vital importance in ensuring satisfactory estimating performance of q
uantity surveyors. 
Whilst it is extremely important for the estimator to be aware of the i
mpact of market 
conditions on contractors' tendering patterns, this is generally consid
ered to be out of the 
control of the quantity surveyor, hence being termed an 'external' eco
nomic force. The 
ability_ to identify changing economic conditions in the industry, and 
to timeously respond 
to these signals, distinguishes 'expert' price forecasters from less pro
ficient ones. 
This chapter concludes the study of the purely theoretical aspects of p
rice forecasting. The 
following sections deal with testing of the theory established, based o
n opinions of local 
quantity surveyors, and results of an empirical study of estimating pe
rformance under 
South African conditions. 
6. OPINION SURVEY ON PRICE FORECASTING ACCURACY 
"Of the general character of those outlaws an estimate may befonnedfrom a few 
samples" : Macaulay 
6.1 INTRODUCTION 
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In Chapter 3, it was suggested that there is a need for price forecasters to es
tablish and 
maintain effective estimating data recording systems and to introduce feedba
ck mechanisms 
as standard practice in subsequent appointments. However, this procedure ca
n only be of 
real benefit if it forms part of a structured estimating policy, based on clear 
objectives and 
principles, understood by all involved parties and applied consistently. 
Amongst the more important features of such a policy are components such
 as the "target" 
the price forecast attempts to simulate, the methods applied to enable an ana
lysis of 
submitted tenders to be made, guidelines upon which estimate / tender comp
arisons are 
performed, and procedures for establishing the accuracy of price forecasts. 
Few studies have been undertaken to examine either estimators' views on th
ese matters, or 
to determine the extent of the procedural usage. The first objective of this chapter is to 
investigate the current utilization of the abovementioned features by estimato
rs in South 
African quantity surveying firms and to present their views on the issues me
ntioned. 
The second, and primary objective, is to examine the factors which the same estimators 
suggest can contribute towards improving the estimating activity. These opin
ions are 
compared with the established theories emanating from the research conduct
ed overseas in 
order to focus on those primary factors influencing the provision of accurate
 forecasts. 
As previously indicated, a vast number of items affect the price submitted b
y a building 
contractor when tendering for a project. These price elements in tum influence the accuracy 
of the quantity surveyor's price forecast when compared with the bid submi
tted. In view of 
the extent of the overlapping influence of the factors on each other, the list
 of primary 
factors must be carefully compiled if the magnitude of contiguity is to be m
inimised. The 
elements considered by Ogunlana (1989) are chosen as being representative of this 
Chapter 6 
specification and are consequently used as the control list upon which t
he South African 
study is based. 
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The method used to obtain the necessary information was a postal surv
ey, distributed to all 
quantity surveying practices. In addition, informal interviews conducte
d with certain 
quantity surveyors in the Cape Peninsula are used to test the validity of
 the responses 
gained from the national survey. The interviews reveal no serious prob
lems in terms of 
interpretation of the questions posed. A copy of the questionnaire distri
buted is 
incorporated in this dissertation as Appendix •A'. Because the question
naire reflects a 
number of similarities with that designed and used by Ogunlana (1989), it provides the
 
opportunity to compare the results with those achieved in the UK. 
6.2 PRICE FORECASTING ACCURACY - OVERSEAS OPINION 
SURVEY 
6.2.1 General 
Huxley (1991), reveals a wide diversity of opinion as to the most suitable reference poi
nt to 
use in the establishment of accuracy of cost engineers' estimates in the 
USA. His survey 
reflects the following: 
* Project managers, when asked to indicate the tender against which they compare the cost 
engineers' estimate respond: 
- low bid = 38 % of replies 
- average bid = 38 % of replies 
- median bid = 23 % of replies 
* Estimators on the other hand, display a significantly different set of o
pinions by 
responding as follows: 
- low bid = 25 % of replies 
- average bid = 25 % of replies 
- median bid = 25 % of replies 
- other = 25 % of replies 
The divergence of opinion appears to indicate a general trend away fro
m the low bid. More 
importantly, it is not stated what the client, for whom the pre-tender es
timate is produced, 
interprets as the measuring datum. Should estimates be produced, ·aimi
ng to reflect the bids 
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illustrated by the replies above, even perfectly accurate estimates will be viewed as 
inaccurate in approximately 75 % of projects, if the client expects the price forecast to 
reflect the lowest bid. 
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In questionnaires sent to selected quantity surveying practitioners in the UK in 1989, 
Ogunlana (1989) addresses the obvious need for estimators to define such referen~e points. 
Although this survey sample is extremely limited in that it reflects the views of 8 firms 
only, the responses are summarised below. The 'format of the South African survey 
document discussed later is followed for comparative purposes. 
6.2.2 Estimate comparisons 
Respondents confirm that their estimates are regularly compared with the tender, but their 
comparisons are made to detect 'errors' in tenders, and not to aid future cost predictions. 
6.2.3 Parameter used for comparison 
Three-quarters of Ogunlana's respondents compare the estimate with the low bid. This 
practice is particularly relevant for the firms who regularly compare estimates, as listed in 
the item above. There is a limited response to the suggestion that the estimate be compared 
with the second lowest bid. However, almost half of the firms compare the estimate with 
the mean or the median of bids. Ogunlana states that the results of his survey shows 
differences between the practice in the industry and the measurements made by researchers, 
inasmuch as professionals in industry do not depend solely on making cost comparisons 
with the low bid, whereas researchers are often constrained to use the low bid as the basis 
for assessing accuracy. 
6.2.4 Useful parameters for cost comparison 
Ogunlana recognises that there could be differences between industry practice and the 
opinion of desigh offices regarding practices that may benefit estimating, and therefore asks 
offices to suggest parameters that are useful for comparing estimates with tender. Various 
suggestions, such as "the comparison is made with the average of the three lowest bids" are 
provided. The results show that what professionals do in industry is often constrained by 
available facilities. Although deemed beneficial, comparison of estimates with tenders are 
•. 
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not done. Reasons given. range from the office not having the time or the facility t
o make 
them to the statement that it "is not accepted standard practice". 
6.2.5 Recording of estimate details 
This aspect is not investigated in Ogunlana's (1989) survey. 
6.2.6 Factors considered to affect estimating accuracy 
In testing the effect of environmental conditions on accuracy, Ogunlana (1989) requires the 
. 
firms to rate, on a seven point scale, factors considered to affect the accuracy of p
rice 
forecasts. The overall ranking of the factors are as shown in Table 6.1. 
: Strength'of Feelings .· . 
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TABLE 6.1 OVERALL IMPORTANCE RANKS AND STRENGTH OF F
EELINGS 
( Source: Ogunlana, 1989 ) 
Ogunlana records the individual responses of the offices, and extends the analysis 
by using 
these replies to reflect 'strength of feeling' tables, expressing the specific rating in
 terms of 
the total score of that office for all factors. 
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The results of the opinion survey, although only carried out on a small sample, are 
generally consistent with previous studies referred to in Chapter 4 of this dissertation. The 
actual 'score' recorded for the first two factors in Table 6.1 (the total of rating figures) are 
identical, the ranking being established by the superior strength of feeling expressed for the 
significance of historical cost data. 
Estimator's expertise is consistently rated highly, with comments submitted by the 
participating firms indicating that the contribution of this factor is distinguished by three 
major considerations, viz: (a) an ability to select suitable cost data for estimating purposes; 
(b) understanding of cost relationships and design parameters; and (c) the suitable 
development of intuitive abilities acquired through familiarity with projects. 
The high ranking of 'design information' in Ogunlana's survey is partially explained by the 
fact that his questionnaire does not indicate a particular stage of design development for the 
factors to be applied. The response therefore reflects the opinions of estimators on the 
importance of the characteristics throughout the design sequence. In the traditional 
procurement systems being studied, design documentation is usually complete at tender 
documentation stage and the importance of this factor therefore diminishes in importance. 
Market conditions, project type and project complexity are rated moderately in Ogunlana's 
survey. Of these, the firms' relatively strong feeling in support of market conditions would 
indicate that it should be considered a prominent factor affecting the estimating 
performance. 
The factors of project size, number of bidders, project duration and location of project are 
given low ratings by the participating firms. There would appear to be a linkage between 
project size and duration of project, both being considered as of low importance in the 
estimating process. The low rating for number of bidders is noticeable when compared with 
the much higher ranking of market conditions, which is usually understood to influence 
tender list size. the nature of consulting quantity' surveyors work in the UK, usually 
confined to a fairly limited geographical region, is thought to be a major reason for the low 
rating of the effect of location on estimating performance. 
A study of the results of Ogunlana's (1989) survey discloses that none of the factors termed 
'project specifics' in Chapter 1 of this dissertation, are considered to exert a great influence 
on estimating accuracy. 
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6.2. 7 Desirable level of accuracy 
Ogunlana's (1989) responses demonstrate that offices suggest that estimates within +/-
15 % of the tender are acceptable in terms of accuracy. Of the offices that regularly 
compare costs with the low bid, virtually all suggest that a figure of+/- 10% can be 
expected. However, it is shown that overestimates are more likely to be deemed acceptable 
than underestimates. Ogunlana suggests that this fact supports the contention that some 
offices produce 'cost ceilings' for projects, rather than predicting the price. 
6.2.8 Datum for assessing estimating accuracy 
In view of the fact that design estimators may not always be predicting the low bid for 
projects, Ogunlana asks for an appropriate datum for assessing estimating accuracy. Almost 
half of the responses indicate that the low bid is appropriate. The results generally 
demonstrate a lack of agreement between practitioners. A good approach to assessing 
accuracy, Ogunlana asserts, is to allow comparisons of costs with as many parameters as 
possible. 
6.2.9 Experience of estimators 
This aspect is not covered by Ogunlana in his survey. 
6.J PRICE FORECASTING ACCURACY - SURVEY OF SOUTH AFRICAN 
ESTIMATORS 
A description follows of the method used to establish the ·perceptions of estimators 
employed in quantity surveyors' offices, regarding the issues involved in the monitoring of 
estimating performance. This section includes the compilation of the questionnaires used 
for the postal survey, the selection of the sample surveyed, the response to the survey, and 
finally, the statistical method used to analyse the extensive amount of data. 
6.3.1 Compilation of the questionnaire 
Although a limited number of informal interviews were conducted with quantity surveyors 
in the Western Cape in order to test the efficiency of the questionnaire, it was decided that 
the gathering of information should not be limited to this region only. Since professional 
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activities may vary from district to district, a regional bias may be apparent in the survey 
results. This has been overcome by canvassing the opinions of estimators throughout the 
country by means of a postal questionnaire. 
In the formulation of the questionnaire, reference has been made to Oppenheim ( 1966), so 
as to ensure that the way in which the questions are structured is beneficial in terms of how 
the respondents view the questionnaire. In addition, the questions are partially modelled on 
the discussion outline that Ogunlana (1989) utilises in conducting his research. Cognisance 
is taken of a disadvantage sometimes experienced in the postal survey method of acquiring 
information, by providing wide opportunity for respondents' comments, in order to gain a 
more complete view of the various perceptions. 
6.3.2 Questionnaire distribution 
Mailing lists obtained from the Association of South African Quantity Surveyors (ASAQS), 
listing all firms registered with the Council of South African Quantity Surveyors have been 
utilised. The sample, including private and public sector quantity surveying firms, amounts 
to 557. In each case, firms are encouraged to ask all estimators in their firms to submit 
returns. 
6.3.3 Response to the survey 
According to Oppenheim (1966), response to postal surveys can be expected to be 
approximately 10%, as respondents are often not sufficiently motivated to complete and 
return the questionnaire. For this reason, the document has been kept as short as possible. 
In addition, all West_ern. Cape firms and personal acquaintances in other centres were 
contacted to elicit their support for the survey. 
In an attempt to ensure an adequate response rate, a postage paid and self-addressed 
envelope was included with the questionnaire. To this end, a 'free-post' licence was 
purchased from the Post Office, assisting in simplifying postage procedures for the 
respondents. 
As is usual in surveys of this nature, replies could not be expected from all parties due to 
reasons other than an unwillingness to respond. The original sample size was reduced by 
59. This was due to 31 firms being found to exist in name only, or having diversified from 
providing traditional quantity surveying services, and the remaining 28 firms producing 
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' returned to sender' responses. This resulted in the sample reducing from 557 to 498 
quantity surveying firms. Although a total of 258 responses were received, this includes 24 
replies from estimators within firms from whom more than one reply has been received, 
resulting in a total of 234 comprising the legitimate sample of responding firms. This 
reflects a highly satisfactory response rate of 4 7 % . 
6.3.4 Analysis of data 
Owing to the vast amount of data derived from the completed questionnaires, the utilization 
of a statistical package for data analysis is considered essential. After investigation, BMDP, 
a statistical software package run on the main-frame computer at the University of Cape 
Town was selected as being the most suitable due to its capacity to manipulate a large 
number of variables. 
6.4 SURVEY ANALYSIS 
6.4.1 Estimate / Tender comparisons 
6.4.1.1 Question 1 : Estimate comparisons 
An examination of comments submitted on the questionnaire reveals that this is the only 
question which appears to have been misinterpreted by a small number of respondents. 
Some respondents confuse the required 'detailed comparison' of estimates and tenders, with 
a detailed analysis of the bills of quantities rates submitted by a chosen tenderer. 
Of the 3 options provided, 51 % of the estimators indicate that they compare their estimates 
with tenders submitted on all projects, whilst 49 % do so only when their predictions differ 
significantly from tender figures. The other available option, being the comparison of 
estimates and tenders only when predictions are close to tender figures, receives a 'nil' 
l 
response. The responses to this question are remarkably consistent when cross-tabulated 
with all other questions included in the survey. The above response is interpreted as 
indicating a propensity by a significant number of quantity surveyors to assume that their 
estimate is 'right', reflecting a similar scenario to that which Ogunlana (1989) indicates is 
displayed by their UK colleagues. 
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6.4.1.2 Question 2: Parameter used/or comparison 
Respondents are entitled to indicate more than one option for this question, i.e. it being 
quite feasible to compare an estimate with a number of the bids submitted, or with any 
composite arrangement of bids. The results of the survey present a similar pattern to that 
provided in the UK study, although the strength of support for any choice is not as strongly 
indicated. 64 % of the respondents state that they compare the estimate with the low bid, 
whilst the second most popular measure, the mean/ median of bids, is used by 36% of 
estimators 
The suggestion by Ogunlana (1989) that estimators do not rely entirely on making price 
comparisons with the lowest tender received is supported by the analysis of the total use of 
alternative measures indicated in Figure 6.1. This indicates that although 64 % of 
respondents use the low bid as a measure, this reflects only 47% of total use, and of the 
36% of respondents that use the mean/ median of bids, this represents only 26% of total 
use. 
2nd Lowest 
8% 
Mean of Bids 
26% 
Percentage use of alternatives 
Low Bid 
47% 
FIGURE 6.1 BIDS USED FOR TENDER ANALYSIS. 
( National Survey, 1992) 
Other 
9% 
F/A Sum 
10% 
The 'other' measures applied vary in nature, but several respondents indicate that they 
compare their estimate with a selection of bids such as the "lowest 3 / 4 / 5 bids", or "the 
average of the lowest half of the tender range". 
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6.4.1.3 Question 3: Useful parameters/or cost comparison 
There is almost universal agreement (97%) that comparing the estimator's prediction wit
h 
tenders received is a useful activity. Local quantity surveyors express si
milar opinions to 
their UK counterparts about reasons for not comparing estimates with te
nders. The main 
reason provided being "a lack of sufficient time available for the exerci
se". Although 
drawn from a small sample indicating possible statistical insignificance,
 it is noticeable that 
none of the estimators with less than 5 years appropriate experience indicat
e that tender / 
estimate comparisons serve no useful purpose. 
6.4.1.4 Question 4: Recording of estimate details 
Approximately 47% of the estimators' replies indicate that formal records of estimate/ 
tender comparisons are kept with the specific purpose of using the data 
for future estimates. 
An analysis of the data however, discloses that of those signifying that su
ch records are 
held, only 63 % make a detailed comparison of estimates on all projects. Clearly, if all 
projects are not analysed, the records kept would be incomplete and the replies from those 
estimators falling in this group can be ignored. At best therefore, 30 % o
f quantity 
surveyors keep full records which can be used to assist in the developm
ent of estimating 
control systems. 
There is reason to believe that the position is worse than indicated abov
e. Several instances 
of respondents to the questionnaire from the same firm giving contradic
tory answers are 
evident. In addition, comments submitted on the questionnaire indicate 
that many of the 
quantity surveyors interpret the provision by the successful tenderer of a
 priced contract 
document as a 'formal record', and not the actual record of the estimate/ tender sample 
comparisons as clearly described by the question. 
Furthermore, when quantity surveyors in the Western Cape were perso
nally contacted, 
even this level of data recording was brought into question. Severe prob
lems arose whilst 
l 
assembling data for use in the empirical survey of estimating performan
ce discussed later in 
this dissertation. Although required by law to keep records of all projects for a period of 3 
years after the settlement of final accounts, most firms struggled to find
 even the most basic 
records of recent projects, such as priced bills of quantities, client tender reports etc. None 
of the firms approached was able to produce a composite file of estimat
e / tender list 
analyses which could be construed as an easily accessible, formal, set o
f records. Whilst 
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the above comments are not verifiable in a scientific sense, the respons
es could be 
interpreted as suggesting that a high 'lie factor' is present in the answer
s to this question. 
6.4.1.5 Question 5 : Factors considered to a// ect estimating accuracy 
This question is dealt with separately in a later section of this chapter. 
6.4.1.6 Question 6: Desirable level of accuracy 
The responses to this question shows great variance of opinion between
 the respondents to 
the local and Ogunlana's (1989) survey; the latter being open to criticism on the basis o
f 
the small sample size, particularly as it appears to contradict the views 
of researchers such 
as Jupp (1984), who indicate that quantity surveyors tend to be optimistic about their 
estimating abilities. There is a distinct similarity between the responses
 of quantity 
surveyors in Jupp's (1984), Bowen's (1992), and this survey, indicating a perceived ab
ility 
to generally estimate within 5 % of the tender at bills of quantities docume
ntation stage in at 
least 75 % of instances. A diagrammatic comparison of some of the surve
ys conducted is 
given in Figure 6.2. 
% 
100 
R 
e 80 
s 
p 60 
0 
n 40 
d 20 e 
n 0 t 
s 0-5% 6-10% 1
1-15% 16-20% 
Pearl/92 71.2 27.2 1.2 
0 
Ogunlana/89 0 50 37.5 
12.5 
Bowen/92 92 8 0 0
 
Jupp/84 87 13 0 
0 
Accuracy achievable 
-
Pearl/92 
-
Ocunlana/89 
EJ Bowen/92 
-
Jupp/84 
FIGURE 6.2 ACCEPTABLE LEVELS OF ACCURACY. 
( National Survey, 1992) 
Exe 20% 
0.4 
0 
0 
0 
If the accuracy levels reflected in Figure 6.2 can be achieved, the vast majority of clients 
and architects requirements in this regard would be met. This can be seen b
y superimposing 
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the results of the survey of estimators opinions on a bar chart refle
cting the accuracy levels 
expected by the other parties, as stated in Bowen (1992), and incorporated in Tab
le 4.2 of 
this dissertation. 
100 ~-----------------~
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FIGURE 6.3 OPINIONS OF ACCURACY ACHIEVABLE. 
( National Survey, 1992) 
The validity of the opinions expressed above are tested in Chapter
 7 by analysing the 
estimating performance on a large sample of building projects undertaken in the Cape
 
Peninsula. No correlation can be established from the survey betw
een perceived accuracy 
attainable and other items not specifically mentioned. 
6.4.1. 7 Question 7 : Datum for assessing estimating accuracy 
As for question 2, respondents are entitled to indicate more than o
ne option being 
applicable. The response to this section is similar to that obtained 
in Ogunlana's (1989) 
survey; a generp.l lack of agreement between practitioners on the m
ost appropriate datum 
for measuring the accuracy of design stage price forecasts prevaili
ng. The distribution of 
suggested datums against which the accuracy of the estimator's pre
dictions should be 
measured are shown in Figure 6.4. 
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3rd Lowest 
16% 
Mean Bid 
32% 
Other 
12% 
FIGURE 6.4 ACCEPTABLE DATUMS FOR MEASURI
NG PERFORMANCE. 
( National Survey, 1992) 
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A comparison of the above with the actual reference points use
d for measuring accuracy, as 
reflected in Figure 6.1, reveals a pronounced tendency amongst
 the quantity surveyors to 
accept the mean of the bid range as a more acceptable datum th
an the only other widely 
used point, namely the lowest tender. This is reflected in Figur
e 6.5. 
60 
% 50 
j - Est. Comparison ~ Preferred Datum ~ 
R 
e 40 
s 
p 
0 30 
n 
d 20 
e 
n 
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s 
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Lowest Bid 2nd Lowest Bid Mean of Bids 
Other 
Est. Comparison 52.5 8.6 29.3
 9.6 
Preferred Datum 25.1 15.4 31
.6 27.9 
Support for reference points 
FIGURE 6.5 USE/ PREFERENCE FOR ESTIMATING 
ACCURACY DATUM. 
( National Survey, 1992) 
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The relatively good support (28 % ) for 'other' datums i
s heavily influenced by the choice of 
the 3rd lowest tender as a suitable datum
 point, an option which is not separately 
indicated 
in question 2. Virtually no comments ha
ve been proffered which can shed light o
n why the 
estimators do not apply their 'preferred' 
reference points for tender analysis. 
6.4.1.8 Question 8: Experience of estimators 
Billet (1990) discloses that the vast majority of quant
ity surveying practices in South Africa 
comprise a total staff of less than 13, inc
lusive of partners and associates. Further
more, 
95 % of the firms contributing to his surve
y indicate that they have been in existenc
e for 
more than 3 years. It is therefore not sur
prising that 75 % of the respondents to qu
estion 8 
indicate that they have at least 10 years o
f estimating experience. This is understan
dable in 
the light of this activity traditionally bein
g reserved by principals for their, or sen
ior 
personnel's attention only. 
0 - 3 Yrs 
2% 
, 3 - 5 Yrs 
5% 
5 - 10 Yrs 
19% 
FIGURE 6.6 ESTIMATING EXPERIEN
CE OF RESPONDENTS TO SURVEY.
 
( National Survey, 1992) 
l 
A feature of the responses to questions 6 
and 8 is the difference in the opinion distribu
tions 
profiles of the least experienced group o
f estimators (with less than 3 years of price 
forecasting experience), and the other groupings o
f greater experience, as shown in Figure
 
6.7. 
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FIGURE 6. 7 OPINIONS ON ACCURACY BY EXP
ERIENCED ESTIMATORS. 
( National Survey, 1992) 
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Very few comments are made on survey returns in res
pect of this question. A possible 
reason for the less experienced estimators indicating g
reater conservatism than other sectors 
(but still within the O - 10% range), could be a lack of confidence 
in their own abilities, 
based on the perception that experience can be equated
 with expertise. 
6.4.2 Factors considered to affect estimating accura
cy 
6.4.2.1 General 
The views of estimators in South African quantity sur
veying practices on the relative 
affects on estima~g accuracy of the factors previous
ly identified, have been acquired by 
means of the inclusion of a specific question in the su
rvey documentation referred to earlier 
' 
in this chapter. It should be noted that the letter accomp
anying the questionnaire 
specifically requires those completing the forms to re
late the answers to procedures 
applicable at the stage when the detailed design has be
en approved. The analysis of the data 
generated has been performed by utilising the BMDP 
statistical software package. This 
enables an in-
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depth study to be made of the replies, in relation to the responses received in terms of
 
features dealing with the monitoring of estimates and tenders. 
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In addition to the main analysis referred to above, a 'ranking exercise' based on the sy
stem 
used by Ogunlana (1989) is implemented in order to facilitate a direct comparison with the 
results of his survey. The overall cumulative results, emanating from the replies t<;> q
uestion 
5 of the questionnaire, are reflected in Figure 6.8. 
Factors 
Number of bidders 
Design information 
Historical Cost Data 
Proj. complexity 
Project size 
Estimators expertise 
Location 
Project type 
Market conditions 
Project duration 
0 200 400 600 800 1000 1200 1400 1600 1800 
Points Rating 
llllliiill No Use a Limited EJ Fair R Moderate 
B Useful llIIIIIIl Vital - Critical 
Overall Ranking of Factors 
FIGURE 6.8 IMPORTANCE OF FACTORS IN PRICE FORECASTING. 
( National Survey, 1992) 
The descriptions used for the legend of Figure 6.8 relate to the 7-point rating scale appli
ed, 
' 
indicating increasing importance of the factors listed. The rating points shown are 
calculated by multiplying individual ratings by the total number of responses for each
 
category. 
While the graphic presentation in Figure 6.8 does indicate the basic nature of the suppor
t 
for the various factors, the simple depiction of perceived importance requires further 
manipulation in order to clearly establish the true level of affirmative opinion. The me
thod 
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used by the writer follows that of Ogunlana (1989). The indica
ted 'strength of feeling' is 
calculated by using the equation: 
Office score for all factors 
Feeling -
Total office score for all factors 
The results of this test are almost identical to tho
se indicated in Figure 6.8, the ranking 
being indicated in Table 6.2 . 
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TABLE 6.2 OVERALL IMPORTANCE RANKIN
GS OF S.A. ESTIMATORS 
( National Survey, 1992 ) 
The most notable difference between the South Afr
ican survey and that of Ogunlana 
(1989), is the relatively low ranking by the local estimators of
 'historical cost data'. This is 
particularly noticeable in the number of respondent
s signifying that this factor is of 
'critical' (i.e. a rating of 7) importance. The reason for this is 
not clear, but a possible 
explanation could be that the limited availability of
 such data in South Africa is accepted as 
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afait accompli, and is therefore considered to be a static condition which cannot be 
improved upon. If so viewed other factors, which the estimators feel are capab
le of being 
improved, may have received a higher grading. 
6.4.2.2 Detailed analysis of survey 
A detailed analysis of the survey findings in respect of the individual factors fo
llows. In 
each instance the independent survey response is recorded, together with an ov
erview of 
interlinked features relating to the profile of the estimators that completed the 
questionnaire. 
(a) Historical cost data 
The views of South African estimators on the importance of this factor 
in aiding the 
provision of accurate price forecasts are indicated in Figure 6.9. 
7-point rating 
No Use (Value 1) 
Limited (Value 2) 
Fair (Value 3) 
Moderate (Value 4) 
Useful (Value 5) 
Vital (Value 6) 
Critical (Value 7) 
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FIGURE 6.9 RATING PROFILE FOR HISTORICAL COST DATA. 
('National Survey, 1992) 
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The respondents' choice of rating value is graphically expressed in terms of pe
rcentage of 
total returns. Whilst 59. 2 % of the replies indicate a rating of 5 or higher, an un
expected! y 
high number of replies (12. 7%) rate the item at 2 or lower on the 7-point scale. Another 
noticeable aspect is the relatively wide spread of opinion at the higher support
 levels. If 
compared with the most favoured factors discussed later in this chapter, the 13
.9% of 
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returns signifying a top rating score of 7 is markedly inferior to
 the 56. 7% and 53.1 % 
recording the same score for 'design information' and 'estimato
rs expertise' respectively. 
Estimators who do not expect to produce price forecasts within
 5 % of tenders are more 
cautious than others at the highest support rating level; 6.3 % of
 their returns giving this 
score compared with the average of 13.9% recorded. The return
s of quantity surveyors 
with between 3 and 5 years price forecasting experience genera
lly displayed neutral views 
with no ratings of level 1 being recorded, and a low percentage
 of 7. 7 % scoring the factor 
at importance level 7. This should be viewed, however, in the 
light of the relatively small 
sample size for this category of estimator. 
(b) Estimators expertise 
The rating profile for this factor, rated as the second most imp
ortant as derived from the 
survey returns, is presented in Figure 6.10. 
7-point rating 
No Use (Value 1) 
Limited (Value 2) 
Fair (Value 3) 
Moderate (Value 4) 
Useful (Value 5) 
Vital (Value 6) 
Critical (Value 7) 
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FIGURE 6.10 RATING PROFILE FOR ESTIMATORS EXPE
RTISE. 
l ( National Survey, 1992) 
The strong support for this factor is clearly indicated by the 87
.4% of returns indicating an 
importance rating of greater than 5. As previously stated, 53.1 %
 of the replies reflect the 
top score of 7 points. 
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Responses from the small sample of estimators indicating that there is no purpose achieved 
by comparing estimates and tenders, are generally irregular for most factors and are not 
comparable with the average condition. In the case of this factor, however, strong support 
which mirrors the average response is evident. Unfortunately the sample sizes of quantity 
surveyors with less than 5 years estimating experience are small, preventing a legitimate 
comparison being made with the views of sets of estimators with differing experience 
levels. Visual inspection of the results, indicate that those with more than 10 years 
experience hold nominally more forceful views on the importance of this item than their 
less experienced colleagues; a higher percentage than average selecting the extreme scores 
of 1 and 7. 
(c) Level of design informati.on 
Figure 6.11 represents the response of estimators in terms of their perception of this 
factors' importance in the provision of accurate price forecasts at tender documentation 
stage. 
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FIGURE 6.11 RA TING PROFILE FOR AVAILABILITY OF DESIGN 
INFORMATION. 
( National Survey, 1992) 
Surprisingly, in view of the late stage of the design sequence being studied, this factor is 
clearly rated as the most important. The support indicated in terms of ratings of 5 or 
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greater, is identical to that of 'estimators expertise' of 87.4
%, but is greater for the top 
rating of 7, at 56.7%. 
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This factor is consistently rated across all groups of estimator
s for which reasonable sample 
sizes can be established. Whilst recognising the importanc
e of this factor to the estimator 
during the development of the design process, it is contend
ed that the exceptionally strong 
grading of the issue in this survey may not be a true reflec
tion of its significance as 
respondents are required to indicate the importance of the 
factors "once detailed design has 
. been approved". Therefore, it may be that the response re
flects a profile of estimators 
views on the matter without paying due attention to the co
nstraints of the design stage. 
(d) Market conditions 
This factor is rated highly in both Ogunlana's (1989) report, and in the
 survey conducted 
locally, as is indicated in Figure 6.12. 
7-point rating 
No Use (Value 1) 
Limited (Value 2) 
Fair (Value 3) 
Moderate (Value 4) 
Useful (Value 5) 
Vital (Value 6) 
Critical (Value 7) 
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FIGURE 6.12 RATING PROFILE FOR MARKET CON
DffiONS. 
l 
( National Survey, 1992) 
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A positive bias in respect of the higher ratings is clearly ev
ident, denoting a factor which 
can be termed 'highly rated'. 73. 7% of respondents score 
the item at 5 or higher on the 
rating table, with only 9.0% indicating low priority, with 2
 or less points. 
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In studying the views of different groups of estimators, it is noted
 that the small number 
that profess not to see any purpose in compiling estimate / tender 
comparisons nevertheless 
indicate an awareness of the importance of this factor. 87 .5 % of th
is group signify a rating 
for the item of 5 or greater. Other small sample sets, such as estim
ators indicating 
appropriate tender accuracy of more than 10%, similarly rate this
 item in a consistently 
high fashion. 
Quantity surveyors with between 5 and 10 years price forecasting experience ten
d to rate 
the item in an inconsistent manner. In this group only 15.2 % indic
ate the top rating of 7 
points, as compared with the mean of 29 .4 % of respondents. 15 .4
 % of those in the 3 to 5 
years experience category indicate the lowest possible score of 1 f
or this item, compared 
with the mean of 4.3%, whilst 7.7% of the same group apply a ra
ting of 6, compared with 
the mean of 23.9%. 
(e) Type of project 
Local quantity surveyors' impressions of the importance of this f
actor in the estimating 
activity are portrayed in Figure 6.13. 
7-point rating 
No Use (Value 1) 
Limited (Value 2) 
Fair (Value 3) 
Moderate (Value 4) 
Useful (Value 5) 
Vital (Value 6) 
Critical (Value 7) 
0 5 10 15 20 
Percentage of Respondents 
FIGURE 6.13 RA TING PROFILE FOR TYPE OF PROJECT. 
( National Survey, 1992) 
25 30 
This factor is ranked quite differently in the two surveys being co
mpared. In Ogunlana's 
study, the type of project is identified as being of "moderate importance", but is con
sidered 
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to be of no importance by local quantity surveyors, being ranked second last in the list of 
10. 
The profiles of factors ranked 4 to 10 in the local study are all similar in pattern, with the 
exclusion of the item ranked 6th - 'number of bidders'. The difference in gradings is 
attributed to fairly slight variations between categories of support. The typical profile of 
items in the group identified above consists of low support at the extremes (values 1, 2, 6 
and 7), with the intermediate ratings each generally attracting the vote of between 15 % and 
25 % of the respondents to the survey. This factor receives the lowest support of all for 
both the· 'critical importance' rating of 7 (3.3 % ), and the 'vital importance' score of 6 
(5 .7%). Several of the other factors perform worse at the lowest score of 1. The middle 
group of scores (2 to 5) is selected by 82 % of the estimators. 
The frequency tables linking this factor to estimator characteristics investigated earlier in 
this chapter, disclose that the pattern described above is particularly pronounced amongst 
estimators with between 5 and 10 years estimating experience. Only 2.2 % of this group 
mark the item at the 'no use' value of 1, but none of the 46 estimators in this group 
rates the factor at the top level of 7. 
An abnormally high response (17.7%) at the lowest rating of 1, is received from price 
forecasters that suggest the low bid as being an appropriate datum for measuring estimating 
accuracy. Estimators who indicate they actually use the low bid for this purpose, respond in 
line (9.6%), with the mean distribution . 
(f) Project complexity 
South African quantity surveyors rank this factor at a higher level than their UK 
counterparts. However, it can still be categorised as of 'moderate importance', as was the 
case in Ogunlana' s study. In the local survey, this factor is ranked highest of those items 
previously identified as 'project specifics'. 
Figure 6.14 indicates, by means of a histogram, the South African estimators' views on the 
significance of this project characteristic, in the compilation of accurate estimates. 
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FIGURE 6.14 RATING PROFILE FOR PROJECT COMPLEXIT
Y. 
( National Survey, 1992) 
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The distribution of rating selections for this item are fairly evenly 
spread about the central 
values, displaying a slight leaning to the higher ratings. The highe
st percentage selection is 
that of value 5 (25.9%), with 91.2% of the estimators recording a score of 3 or g
reater. 
Virtually all groups of estimators identified by means of the statist
ical analysis of the 
survey responses, display rating frequency distributions similar to 
that shown in Figure 
6.14. The only notable deviation from this applies to estimators wit
h between 5 and 10 
years experience, none of whom rate the item at level 1. 
(g) Project size 
In both the UK and South African surveys this project characteristic is identified as o
ne of 
the lowly rated factors. These factors are typically depicted as hav
ing a fairly strong central 
base (values 3, 4 and 5), with support at the higher levels of less than 10% per ra
ting, and 
' 
relatively high numbers of respoQdents indicating low item importance. 
A total of 13.1 % of respondents submit ratings for the high values 
6 and 7 for this 
particular element, and 30.4% signify that they feel the factor is u
ajmportant by marking 
the low values 1 and 2. A relatively neutral stance is adopted by t
he balance (56.5 % ) of 
respondents by marking the middle ratings. This is graphically sho
wn in Figure 6.15. 
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FIGURE 6.15 RA TING PROFILE FOR PROJECT S
IZE. 
( National Survey, 1992) 
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Estimators automatically applying estimate / tender comp
arisons are slightly more negative 
when assessing the worth of this factor than those who do
 not apply this feedback 
mechanism on a regular basis. It is noted that estimators w
ho actually use the mean of the 
bidding range as a datum for tender comparisons provide 
significantly higher ratings than 
those using other measures. In line with this observation, 
estimators indicating that the 
mean of bids is theoretically the most appropriate datum f
or this activity provide a similar 
frequency distribution. This is the only instance found of
 common deviation from the mean 
opinions of respondents to questions 2 and 7 of the questi
onnaire. , 
Minimal variation in opinion trends are found between th
e different groupings of estimators 
responding to the questionnaire. However, clearly differe
nt perceptions on the importance 
of this item are displayed by estimators having differing a
mounts of price forecasting 
experience. Those quantity surveyors with between 3 and
 5 years estimating background 
provide far more negative responses than the mean for low
 level ratings, particularly value 
1 (23 .1 % ) . Furthermore, a comparison of the two groups of practition
ers having greater 
experience discloses that the factor is given greater recog
nition by the most experienced 
set. 
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(h) Number of bidden 
The rating profile for this factor differs markedly from all others compiled from the local 
survey and is given in Figure 6.16. 
7-point rating 
No Use (Value 1) 
Limited (Value 2) 
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Vital (Value 6) 
Critical (Value 7) 
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FIGURE 6.16 RATING PROFILE FOR NUMBER OF BIDDERS. 
( National Survey, 1992) 
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The marked difference between the responses for this item and the other factors, is the 
uneven nature of the profile in respect of the low number of returns indicating applicability 
of either value 2 (9.8%), or value 6 (6.6%). In both these cases, the ratings on either side 
are significantly higher. In addition, the percentage response for the minimum value of 1 
(15.6%), is the highest recorded for any of the factors studied. 
In Chapter 5 it was suggested that there is a relationship between 'market condition' and 
'number of bidders'. The profiles of these factors, created from the local survey returns, 
are totally dissimilar and would appear to indicate that South African quantity surveyors do 
l 
not recognise any common ground for these items. 
One of the few estimator 'sets' that do not reflect the sample profile illustrated in Figure 
6.16, is the group using the mean tender as a basis for tender/ estimate comparisons. The 
trend line established by this group is 'flat', but regular in pattern, m line with the other 
factor profiles. The group of estimators suggesting the mean as the best datum for tender 
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analyses, reflect the 'dip' in the trend for value 2 ratings but indicate a c
onventional pattern 
in terms of value 6 scores. 
A similar pattern occurs for estimators formally keeping records of tend
er analyses, except 
that the position is reversed. The 'dip' for value 6 ratings is maintained w
hilst the trend 
line for the lower ratings is standard in nature. 
Estimators with between 5 and 10 years experience reflect a totally 'norma
l' profile in their 
responses, the abnormal condition being caused mainly as a result of the
 rating by the most 
experienced group with more than 10 years price forecasting backgroun
d. 
(i) Duration of project 
The aggregated results of the two surveys undertaken shows that this fac
tor is clearly 
considered the least important of those listed. The results of submissions
 for the South 
African investigation are given in Figure 6.17. 
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FIGURE 6.17 RATING PROFILE FOR PROJECT DURATION. 
( National Survey, 1992) 
30 
The responses are biased towards the least favourable rating values, wit
h value 3 having the 
highest percentage return (23.0%) of this sample. The sharp decline in support between 
value 5 and the two highest values are typical for the factors considered to 
be of low 
importance for estimating purposes. 
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Frequency distributions are generally regular for the various estimating sectors viewed 
independently, with moderate deviations from the norm occurring between groups 
expecting different accuracy levels, and also between estimators with disparate levels of 
estimating experience. In the case of estimators who suggest that accuracy of between 5 % 
and 10% is to be expected at tender documentation stage, 13.1 % rate the factor at value 6, 
with only 1.6% of the group suggesting that the item merits an importance rating of 7. 
Estimators with between 3 and 5 years experience similarly differ from the mean 
distribution shown in Figure 6.17, with only 2.2 % of respondents indicating rating values 
of 6 and 7 respectively. 
(j) Geographical location of project 
Although this item is ranked as the least unimportant in the UK investigation, South 
African quantity surveyors grade it at a higher priority level, in the range of items 
considered to be of moderate import. Figure 6.18 indicates the mean rating form derived 
from the local survey results. 
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FIGURE 6.18 RATING PROFILE FOR PROJECT LOCATION. 
( National Survey, 1992) 
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As can be seen from the figure, the response across rating divisions is widespread, no 
single class receiving more than 20% of the total available. This is interpreted as denoting a 
slightly neutral view of the item, being the only factor displaying this particular 
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characteristic. The slight bias towards the lower ratings is also clearly discernible in the 
histogram. 
142 
An unusually high number of the estimators who promote the low bid as the most suitable 
datum for tender / estimate comparisons grade this item at the lowest level ( 18. 0 % ) , as 
compared with the mean opinion of all estimators of 9 .4 % . The group of quantity · 
surveyors who consider late stage estimating accuracy of 5 % to 10 % to be appropriate, 
differs from the mean profile at the higher gradings; value 6 being chosen by 7.9% of the 
group and the highest rating value only being indicated by 1.6% of the grouping. The 
group of price forecasters with between 5 and 10 years experience differs from the norm, 
with the extreme levels (values 1 and 7), being chosen by approximately half the average 
percentage of the sample in each case (4.5 % for rating level 1, and 2.3 % for value 7). 
6.5 CONCLUSIONS 
The responses to the survey of estimators in South African quantity surveying practices 
creates a clearly defined background, against which both the opinions of price forecasters 
on aspects of tender / estimate comparisons, and their perceptions of the importance of 
certain factors in the production of accurate estimates can be viewed. 
Although quantity surveyors who submitted replies are overwhelmingly in favour of 
structured feedback mechanisms being implemented, only a relatively small proportion of 
these respondents, estimated to be no more than 30% of the sample, actually undertakes the 
basic operations considered necessary for this activity to be satisfactorily conducted. 
No single 'estimating target' achieves universal, or even dominant support, although 
comparison of the estimators' price forecast with the lowest tender received is the most 
common. Responses to the questionnaire indicate dissatisfaction with the soundness of this 
choice amongst estimators, but there is widespread confusion as to a suitable alternative. 
Arising therefrom, scope for the study to be expanded is indicated. Further research is 
necessary to investigate the degree of awareness, and perceptions of clients receiving tender 
reports. 
A possible reason for quantity surveyors not devoting more attention to the development of 
tender I estimate monitoring systems is the apparent impression that the estimates which 
they compile are accurate (within 5 % of the lowest bid), and that architects and clients are 
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satisfied with the standards achieved. The estimators' perceived degree of accuracy attained 
is far superior to that noted in empirical studies conducted overseas. In Chapter 7 of this 
dissertation, the validity of the opinions expressed locally is investigated. 
The views of the different groups of estimators regarding factors influencing estimating 
accuracy, as identified by the responses to the questionnaire, are generally consistent with 
the average response of all participants. A specific deviation of note is provided by price 
forecasters who express the view that comparing estimates and tenders does not perform 
any useful purpose. This group indicates abnormally strong support for the factors of 
"estimator's expertise" and "market conditions". This could be interpreted as reflecting an 
attitude of confidence in the ability of the experienced estimator to produce an estimate 
with a high degree of intuitive decision-making and to allow for the factors pertaining to 
individual projects. 
Another sector of the respondents displaying distinctive characteristics are those estimators 
indicating that between 5% and 10% accuracy of tender stage estimates is appropriate. This 
group's opinion can be considered conservative, in terms of the total survey perception. In 
keeping with this profile, the views of the group are considerably more conservative than 
the average respondent for the factors of "cost data", "project location", and "project 
duration". 
The groups that prove to have the most discriminating opinions are those determined by the 
experience categories of 3 to 5 years, 5 to 10 years, and exceeding 10 years estimating 
experience. As a large majority of the returns are submitted by quantity surveyors with 
more than 10 years experience, their views generally establish the pattern of opinions 
reflected in the 'factor profiles'. 
It is suggested that this could be significant in assessing the relative importance of two 
factor~; namely "number of bidders', and "market conditions". The abnormal profile 
established for the former factor could be construed as being a possible cause why the 
expected linkage between these two conditions is not reflected by a closer ranking. It is 
noticeable that the assumption that a relationship between "project size" and "duration of 
project" is strengthened by the consistent manner in which they are ranked in both the 
surveys inspected . 
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The detailed study of the views of price forecasters on factors included in the 
questionnaires identifies three categories of importance in terms of contributing to 
estimating accuracy. The factors "estimator's expertise", "design information", and 
"market condition" are classified by firms as being highly rated. Included in the middle 
range of moderately rated factors are "historical cost data", "project complexity", and 
possibly "project type". Items which estimators suggest are of minor significance_ include 
"number of bidders", "project location", "project size", and "project duration". 
In the following chapter, the actual accuracy of price forecasts produced by a large sample 
of quantity surveyors in South Africa is presented. In order to establish the potential for 
improvement in performance, the results are compared with the opinions previously stated. 
Furthermore, the theories relating to the importance of the various factors affecting 
accuracy are tested by examination of the sample data. 
oooOOOooo 
7. EMPIRICAL STUDY OF ESTIMATING PERFORMANCE 
#From principles is derived probability but truth or cenainty is derived only from the 
facts#: Tyrone Edwards 
7.1 INTRODUCTION 
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The first stage in the identification of the factors influencing the accuracy of building price 
forecasts, namely the evaluation of informed opinions relating to the subject, is 
comprehensively covered in the preceding chapters. This chapter describes the results of an 
empirical study of the estimating performance of South African quantity surveyors at the 
tender stage of building projects. 
Limited published research is available on the subject of estimate "targets", (i.e. what 
segment of the tender distribution the estimate is meant to represent). Unless otherwise 
advised, it is understandable for clients to assume that the estimate indicates the 
approximate level of the anticipated lowest tender. This feature is examined in this chapter 
in order to establish the most effective "target" against which to compare price forecasts 
recorded. 
The main objective of this inquiry is to identify clearly the primary factors to consider in 
the provision of accurate price forecasts by testing the validity of the opinions previously 
established. The basis upon which the study is conducted is a comparison of estimating 
performance in a large sample of project estimates wit~ -'acceptable' standards as 
determined by the majority of price estimators in South Africa. 
In the empirical study, factors found to be strongly linked with exceptionally good, or 
poor, ·estimating performance at the tender stage of project development are described as 
being influential in determining required accuracy levels for price forecasts. 
7.2 TARGETING OF THE DESIGN ESTIMATE 
Just as there are different views on percentage accuracy expected or achieved, so there are 
differing views on how this accuracy. is assessed, i.e., which reference point to use for 
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measurement. Design price estimators have yet to agree on a target on which tender price 
efforts should focus, but each cost consultant should obviously determine the target, prior 
to producing the estimate. 
Before examining the suitability of alternative "targets" for tender evaluations, it is 
pertinent to consider the relationship between the tenders received and the analysis of such 
bids as conducted in other countries. 
7 .2.1 Tender analysis procedures overseas 
Cost consultants in many countries recognise the inadequacy of the "lowest bidder" 
criterion and consequently introduce qualifications to this standard in the process of 
evaluating tenders received. Although many of these procedures deviate markedly from the 
established system, they are based on the common objective of selecting a qualified 
contractor while promoting competitiveness. 
The basis for the disqualification of a tenderer, as currently practised in some countries, is 
frequently based on the difference between the tender and the cost consultant's estimated 
cost, often reflecting the average of the bids received. For instance, the system used in 
Denmark disqualifies the two highest and the two lowest tenderers and the tender that is 
closest to the average of the remaining bids is selected. A similar procedure is used in 
South Korea, but only the highest and lowest are disqualified. Other examples include 
choosing the lowest bidder, provided that the tender is not less than: (a) a specified 
percentage of the design price forecast (e.g. 80% in Pakistan and 70% in Saudi Arabia), or 
(b) a specified percentage of the average of all bids received (e.g. 90% in certain 
construction sectors in the UK). 
In Switzerland, the normal procedure for analysing tenders is to formulate a reference price 
from the middle range of tenders, and then consider only those tenders that are within a 
10% variation of the reference. A procedure applied in Japan on large projects with 
repetitive tasks, and/or units is for the project to be divided into three phases. Contractors 
are required to tender on the entire project, but the work in two phases only is awarded to 
the two most qualified contractors. The third phase is awarded at a later stage to the 
contractor who out-performs the other. In Canada and the USA. the "lowest bidder" 
criterion is used, but contractors are required to submit substantial performance guarantees 
with their bid (Moselhi and Martinelli, 1990). 
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A reason for employing these different systems may be attributed to the use of procurement 
methods which are totally different from that of the traditional system using bills of 
quantities. However, even where this system is used, local variations in awarding projects 
to tenderers do occur. For example, in Singapore the contract sum is negotiated between 
the client and the contractor, using a figure based on the lowest tender received (Betts and 
Gunner, 1989). 
As can be seen from the foregoing, the selection point in any tender evaluation system 
performs a critical function in the process of tender acceptance. This issue is also closely 
linked to the tendency for quantity surveyors to assume the correctness of their price 
forecasts. A distinct danger exists that tender awards may be negatively affected by 
comparing tender submissions with inaccurate estimated values. 
7.2.2 Low bid 
In the case of contracts adopting 'selected' tender lists the practice is to award the contract 
to the lowest bidder. Unless the client's consultants have reasonable doubt about the ability 
of a contractor to undertake the work, this system is also followed under conditions of 
'open' tendering. This situation tends to influence the tender analysis process, resulting in 
comparison of the quantity surveyor's forecast with the low tender. 
The estimator faces a difficult task in predicting the lowest tender. This is illustrated by the 
extensive range of prices commonly represented in tender submissions (commented upon in 
Chapters 3 and 7 of this dissertation). If it is recognised that all bona-fide tenderers (i.e. 
excluding 'mistakes' and 'cover prices') are submitted by contractors attempting to 
anticipate the level represented by the lowest bid, the ability of the quantity surveyor to 
consistently gauge this level, without access to much of the detailed information that 
contractors' estimators base their tenders on, is clearly a major problem. Ogunlana (1989) 
cites several examples of practical problems experienced in the tendering exercise. 
Amongst the examples are: (a) the tenderer having a pricing advantage over competitors 
(e.g. when old material held by a specific tenderer can be re-used), and (b) cases where a 
tenderer is party to 'privileged' information (e.g. sole knowledge of a particular site 
condition). In such instances the tender submitted can be dramatically affected, possibly 
leading to a price much lower than that expected by the quantity surveyor. 
Exceptional instances such as those indicated above, or major errors by contractors in 
producing the tender are reasonably e·asy to detect if priced bills of quantities are called for, 
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and discussion takes place with the contractor on the details in the document. In the light of 
the perceived interpretation by clients of their consultants' price forecasts, predictions of 
the low bid would appear to be appropriate. 
7.2.3 The second, third or any other bid 
Beeston (1975) notes that although the second and third, and particularly the average 
tenders, offer an easier target for the estimator to predict than the lowest tender, the 
usefulness of estimating them is questionable. The practical use of targetting the estimate at 
any but the lowest tender is dubious but is often suggested by practitioners. A cynical 
approach to this practice could be the suggestion that where estimates are much higher than 
the lowest tenders received, this attitude provides a convenient excuse to 'hide' the 
perceived poor performance. 
Flanagan and Norman (1982b) suggest that when estimating the contract price, quantity 
surveyors should consider the bidding range, the relationship between the lowest, second 
and third lowest bids, and use detailed information on previous projects as a reference 
point. This suggestion is based on the observation that the tender distributions denote that 
the lowest tender is a poor indicator of the 'true' price for projects (Ogunlana, 1989). It is 
difficult to conceptualise how the knowledge that the second or third lowest tender may be 
a better representation of the true cost can be practically used by the forecaster. This 
concern is especially relevant in South Africa, where quantity surveying firms are generally 
small and do not have access to large data bases upon which to base their decisions. 
7 .2.4 Mean, mode and median of bids 
The mean, mode and median are statistical terms used as descriptive measures of location 
(averages) for populations and samples. The most commonly used average is the 
arithmetical mean which is the total sum of all values in a sample divided by the number of 
items. The median for a collection of values is the value of the middle observation when 
the items have been arranged in either ascending or descending order. The mode is the 
value in the sample data that occurs most frequently . 
The mode is considered unreliable for use in a small collection (i.e. less than 30), and since 
most building project tender lists are considerably smaller than this in South Africa, it is 
not anticipated to be a useful unit of measurement. In addition, no two tenders submitted 
for the same building contract are likely to be exactly the same, invalidating the use of the 
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mode as there can, by definition, be no mode in a series where no value occurs mor
e than 
once. 
Beeston (1983) considers the median to be the most stable measure of average for statistical 
description, as the mean is affected to a greater extent by extremely low or high valu
es in 
the sample, which could be caused by non-serious tenderers or a low tender containi
ng a 
major error. However, he observes that the distribution of tenders can generally be 
assumed to be 'normal', implying that the mean is a good representation of the samp
le. 
Morrison (1984) appears to support the use of the mean as a prediction target by expressing 
the viewpoint that lowest tenders are not capable of being predicted exactly. This is 
due to 
estimating accuracy being partly dependent upon the variability of the object which is to be 
estimated, i.e. the lowest tender. 
Just as for the second, third or other tenders previously discussed, the practical use o
f the 
mean or median as the estimating target appears uncertain. A further practical consid
eration 
relates to generally observed tender practices. In South Africa, tenders on building p
rojects 
are normally submitted without priced bills of quantities and the likely contractor is 
only 
approached for his detailed document after the tender opening. This is largely a resu
lt of 
conditions imposed by trade associations such as the local Master Builders' Associat
ions. It 
is highly unlikely that tenderers whose submissions are almost certainly not going to
 be 
accepted, will submit priced bills of quantities to the quantity surveyor for comparat
ive 
purposes. 
7.3 RESEARCH METHODOLOGY 
7.3.1 General 
The small size and structure of the typical South African quantity surveying firm as 
illustrated by Billett (1990), results in a relatively low number of building contracts being 
handled by each practice. Therefore, in order to gain access to a significantly large a
mount 
of data on tenders and related estimates, it is necessary to establish contact with a la
rge 
number of firms. No evidence of such a widespread source of estimating data being 
made 
available for research purposes elsewhere in the world can be found in the literature
. These 
studies are generally undertaken on relatively small samples, or on data derived from
 either 
single or limited numbers of large establishments. 
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It was reasoned that the required support from practitioners in a sensitive matter dealing 
with confidential information, could only be realistically achieved by approaching firms 
individually; explaining the purpose of the research and responding to any problems raised 
by potential contributors. In order to adopt this personalized approach, it has been 
necessary to limit the scope of the survey source base to the Cape Peninsula geographic 
area. 
In January 1992, at the time of the survey being carried out, 73 quantity surveyors' offices 
were listed in the directory of the Association of South African Quantity Surveyors for the 
Western·Cape region (Peninsula and Surrounds). A number of these listings are, however, 
for offices where quantity surveying activities are not being conducted (e.g. University and 
Technikon Departments), and other listings are for firms with more than one branch within 
the same region. This results in a total of 55 registered practices comprising the potential 
data source. 
The firms referred to above are considered to fairly represent price forecasting practice 
throughout South Africa, for the following reasons: (a) 21 of the firms are represented in 
other areas of the country, with certain of the Head Offices being located in this region, (b) 
all South African universities offering quantity surveying courses are represented by their 
graduates at partnership level within the local quantity surveying fraternity, and (c) 
movement of quantity surveyors around the country for career purposes is extensively 
practised. 
An alternative data source used, and one which reflects a truly national character, is that 
containing details oftenders and estimates produced for the Department of Public Works 
and Land Affairs in 1990 and 199L Whilst the size of the sample is relatively small (45 
projects), the information does provide a basis for general comparison with that emanating 
from the main survey. 
It is not the intention to criticise the estimating performance of either individual firms, or 
the quantity surveying profession as a whole - the information provided is used purely to 
establish possible ways of improving the price forecasting function. 
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7 .3.2 Data acquisition 
Full details of tenders on a large portion of th.e building work carried out in the Cape 
Peninsula are recorded by the Master Builders' and Allied Trades' Association (Cape 
Peninsula). This includes many projects for which quantity surveyors are employed to 
produce bills of quantities. This information was used in compiling a listing of contracts 
and associated professional consultants on contracts using this procurement method. 
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A total of 1086 such projects are identified as being tendered upon in the 10 year period 
1982 - 1991. A number of these projects were dealt with by quantity surveying practices 
that were no longer active in January 1992. In addition, several of the practices listed in the 
ASAQS directory had not been involved in the administration of any contracts recorded by 
the MBA. This analysis resulted in 38 quantity surveying practices being approached to 
provide details of the estimates they had compiled on the projects listed. 
It was found that virtually all the firms had difficulty in providing information on projects 
put out to tender more than 5 years prior to the investigation. In addition, most of the 
firms, although appearing to be supportive of the research, struggled to find the required 
details for comparatively recent contracts. The response indicates that a formal recording 
system for estimate/ tender purposes is not widely implemented. 
Of the 38 firms approached, 30 practices provided the details requested. Several of the 
firms providing data appeared to do so on a selective basis. A possible reason for this, 
confirmed by 3 responding firms, could be the practitioners' reluctance to divulge details of 
estimates not close to the tendered sum. There would therefore appear to be grounds for 
suggesting thaJ the estimating perf onnance actually achieved is inferior to that reflected 
in this dissertation. 
The full schedule of 243 projects for which details were supplied by firms in the Cape 
Peninsula is incorporated in this dissertation as Appendix B. The schedule of projects 
reflecting 45 PWD projects throughout South Africa is presented as Appendix C. 
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7.3.3 Data analysis 
Comparisons between the conditions generally prevailing within the local building industry 
(represented by the total data base of 1086 projects), and those indicated in the selected 
data samples used for examining estimating performance are necessary to indicate the 
validity of any conclusions derived therefrom. The four factors considered are; (a) the 
number of bids per project, (b) mean project values, (c) mean range of bids expressed as a 
percentage of the lowest tender, and (d) the nature of the tenderer's bidding expressed by 
the coefficient of variability. Graphical representations of the comparative conditions 
relating to these factors are provided in Appendices D, E, F and G respectively. A few 
differences are visible between the two samples, ostensibly caused by the small size of the 
data relating to estimates made available for the years 1982 - 1986. None of these are 
considered of great significance, however, as the sample of 243 projects manifests a fair 
reflection of the general situation. 
In order to facilitate analysis of the schedules incorporated in Appendices Band C, the 
following aspects should be considered. 
1. Project descriptions are non-specific in order to ensure confidentiality is maintained. For 
the same reason, the quantity surveying firms are referred to by means of a numeric 
code, based on the order of distribution of questionnaires. 
2. Projects listed in Appendix C (PWD Sector contracts) are not described at all, as many 
of the projects refer to sensitive developments such as military installations. 
3. Values shown as 'Amount Tendered' are the lowest bids submitted. However, certain 
quantity surveyor respondents advised that there are a number of instances where the 
contract was not awarded to these tenderers. In several of these cases the award was 
made to a tenderer not in the lowest 3, indicating a tendency to view the quantity 
surveyor's estimate as 'correct'. Only in instances where official records indicate that 
tenders were withdrawn as a result of a mistake becoming evident, has the next lowest 
tender been' used in the analysis. 
4. Amounts tendered have been adjusted to reflect mid-1992 values in the column headed 
'Updated Value'. The index used (770.0), was provided by Medium Term Forecasting 
Associates in June 1992 as the forecast B.E.R. index (1975 base) for that month. 
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5. Although a few instances of 'cover prices' being submitted appear to be evident, no 
adjustment of tender ranges has been made to allow for this possibility. All bids 
submitted were considered as genuine tenders. 
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6. The mean CV for tenderer's bids of 5.44% (sample of 243 projects), and 6.07% (for the 
1086 projects initially listed), falls within the 5% - 9% bracket suggested in Chapter 3 
as being the international norm. 
7. Gunner and Betts (1990) state that the value of 'fixed' sums in bills of quantities (i.e. 
contingencies, provisional sums and P. C. amounts) are considerable and should be 
allowed for in establishing accuracy of price forecasts. Although their research reflects 
conditions in Singapore, the situation in this respect is similar to that found in South 
Africa. Amounts reflected in the schedules therefore represent the 'true' accuracy, 
based on nett figures. 
8. Whilst both relative and absolute percentage deviations from the low bid are given, the 
nett absolute accuracy is considered to be the most relevant. 
9. Less information on tender details is provided on .. the schedule of PWD projects 
(Appendix C) as this information was not available from the respondent. 
A comparison of the nett absolute accuracy values reflected in Appendix B, with the 
anticipated accuracy ranges identified by estimators responding to the writer's national 
survey, is provided in Figure 7 .1. 
Anticipated 
Accuracy 
Exe 10% 
Actual 
Performance 
6-10% 
FIGURE 7.1 COMPARISON OF ACCURACY AClllEVED I ANTICIPATED. 
( Source: National Survey, 1992) 
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Whilst 98 % of the survey respondents anticipate that their estimates are within 10% of the 
tender, the results of the empirical study indicate that only 76% of the estimates fall within 
this category. Additionally, the mean nett absolute accuracy actually achieved is outside the 
0 - 10 % range; being 11. 84 % of the lowest tender. These statistics indicate that there is a 
distinct disparity between what estimators perceive they achieve in terms of the accuracy of 
their forecasts, and actual performance. 
A notable aspect of the empirical survey is that the average consistency achieved (CV 
value) is'a very poor 49.85%, as compared with the international norm of 12% - 19% 
(indicated in Table 4.5). The results in the main survey are generally confirmed by the 
smaller investigation on PWD projects, with a mean nett absolute deviation from the low 
bid of 14.51 %, and a CV of 33.51 %. 
Although it is likely that aspects relating to 'poor' results are easier to identify than those 
linked to adequate performance, all factors which are incorporated in the schedules in 
Appendices B and C are discussed below in order to identify the reasons for the results 
indicated above. 
7.4 ANALYSIS OF SAMPLE OF MIXED TENDERS 
Because of the relatively limited nature of the information supplied by contributing firms to 
the empirical survey, it is not possible to analyse the data according to project design 
information, historical cost data, project complexity or duration, and estimator's expertise. 
The data is, however, analysed in terms of market conditions, project type and size, · 
number of bidders, and location of project. In addition, the general characteristics of the 
data sample are examined, with particular emphasis placed on possible linkage between 
features of the tenders received, and the factors affecting the quantity surveyor's price 
forecasts. 
7 .4.1 General characteristics 
Subjects discussed in this section include : (a) the performance of individual firms and their 
influence on the results of the survey, (b) a comparison of price forecasting accuracy and 
consistency with tenderers' performance in terms of consistency in bidding, (c) the effect of 
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'fixed sums' on estimating performance, and (d) features of estimates within the specified 
accuracy categories. 
7.4.1.1 Performance of individual.firms 
Of the 30 firms contributing to the study, only 6 submitted details on more than 1.4 
projects. As previously noted, this is partly due to the lack of adequate records, but more 
significantly a reflection of the composition of quantity surveying practices - the available 
work being distributed amongst a large number of small firms. 
Of the 6 larger samples, half portray a satisfactory level of performance in terms of both 
mean nett absolute deviation from the low bid and CV denoting consistency. Of the other 3 
firms, two reflect acceptable mean nett accuracy figures (below 10 % ) but suffer from 
inconsistent performance. This is evident from their results displaying a CV greater than 
20%. 
The remaining firm (No. 21) submitted details on 25 projects, displaying an average nett 
accuracy of only 31.16 % , whilst the CV level is an astonishing 99. 96 % . As could be 
expected from the above, only 6 of the jobs listed are estimated within 10% accuracy. This 
firm's estimates are generally high (16.9% mean relative deviation from the low bid), the 
highest deviation being 105. 67 % above the tender. Even if the effect of allowing for the 
deduction of 'fixed sums' is ignored, the performance displayed by this firm appears to be 
far below that previously described as an acceptable standard. There is no obvious reason 
for the above, the only noticeable feature of the sample being a higher than usual number 
of tenderers ( 11, compared with the norm of 8.) 
As the projects submitted by firm 21 constitute approximately 10 % of the sample, a study 
of the effect that the omission of this data has on the survey results, is conducted. The 
mean accuracy of the remaining projects improves to 9.67% (on the outer fringe of the 
expected range), but improvement in the coefficient of variation is less discernible at 
43.93%. 
The schedules indicating details of estimating performance for firms 1 (the most successful) 
and 21 (the least successful) are presented as Appendices Hand I, together with the control 
charts developed therefrom. Although the mean results indicate general performance levels 
below that desired, it is noted that half of the participating firms achieve satisfactory results 
for both accuracy and consistency. Notwithstanding the fact that the mean CV of the total 
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sample is high, almost a quarter of the firms consistently produce estimates which are 
inaccurate. 
However, only 4 of the 30 firms are considered to be producing work of a totally 
inadequate nature, being poorer than the established norm in terms of both accuracy and 
consistency. The distribution of individual firms' performance is shown in Figure 7.2. 
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FIGURE 7.2 ESTIMATING PERFORMANCE OF INDIVIDUAL FIRMS. 
( Source: National Survey, 1992) 
The cause of the great differences between firms appear to be unrelated to any of the 
factors analysed below, the most likely consideration simply being differing levels of 
expertise between the estimators involved. 
7.4.1.2 Comparison with bidding consistency 
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It is possible to examine the consistency of the bidding displayed by the tenderers on the 
various projects by reference to components such as the range of bids, and the coefficient 
of variation of the mean tender. 
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The range of tenders is unfortunately very sensitive to 'wild data' such as a single 
unrealistically low bid, or a 'cover price' submission, leading in both instances to an 
increase in the extent of the range. No clear definition of what constitutes an acceptable 
range exists. However, the average of 18.38% of the low bid for the sample is significantly 
lower than that shown by researchers such as Morrison (1984), and Betts and Gunner 
(1989). This average is achieved, notwithstanding the fact that the ranges listed for projects 
with more than 2 tenderers vary from a maximum of 129.02 % to a minimum of 2.96%. 
The sample is analysed in terms of three sets of data. The divisions are; those where the 
range is 1ess than 15 % , a group in the intermediate range of 16 % to 30 % , and those 
exceeding 30 % . Certain trends within the bidding environment itself are apparent, but 
limited proof can be found of the bidding range exerting an influence on the quantity 
surveyor's estimate. 
One of the apparent trends is that the range increases with an increasing number of bidders 
for any contract, the average number of tenderers for the groups being 7, 9, and 10 bidders 
respectively. A commensurate decrease in tendering consistency is indicated by the 
respective values of 3.34%, 6.05%, and 13.02%, compared with the mean CV for the total 
sample of 5. 44 % . Fixed sums constitute only 9. 65 % of the gross tendered amount for the 
group having a bidding range in excess of 30 % compared with the average for the total 
sample of approximately 20%. 
Quantity surveyors' estimating accuracy in all 3 sets is marginally above 11 % . However, 
the intermediate group, representing the average condition, reflects a commendable level of 
consistency with a CV of 18.68%. In the case of the other two groups, the CV is 
approximately 50%. A study of the sample divided into 3 categories, denoting tenderers' 
CV of less than 5 % , between 5 % and 10 % (the norm), and in excess of 10 % , provides 
almost identical results to the exercise based on size of bidding range. 
It is difficult to suggest the cause of the trends described above, but price forecasters should 
clearly be made aware of the circumstances which indicate that their estimates are highly 
sensitive to variations in bidding patterns. In cases where either the range of tenders, or the 
coefficient of variation deviates significantly from the norm, and particularly where low 
tender ranges occur, a distinct danger exists that the quantity surveyor's forecast could be 
inaccurate. In this situation the estimate should only be treated as 'correct' after a detailed 
examination of the total tender list is conducted. 
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7.4.1.3 Effect of 'fixed sums' on perfonnance 
The average value of items included in tender documentation which can be considered as 
'fixed sums' comprises approximately 20% of the total gross tender. The effect that these 
items have on estimating performance is explored by studying the trends within the 
categories of fixed sums comprising less than 10% of the low bid, the 'normal' pattern 
with amounts between 10 % and 25 % , and projects where the sums exceed 25 % of the 
tender. 
A marked similarity is detected between the results emanating from this inquiry, and those 
linked to consistency in bidding. In both instances the quantity surveyors' estimates are 
normally both accurate and consistently forecast. However, performance deteriorates in 
both measures whenever an abnormal condition occurs, displaying great sensitivity to 
unusual conditions. 
Unlike the quantity surveyors' estimates, the consistency of tenderers' bidding does not 
fluctuate wildly within the different divisions created. The CV of tenders actually improves 
with an increasing 'fixed' component, from 7.56% to 4.29%. The size of the fixed sum 
itself does not, however, appear to be the cause of the problem manifested in the highly 
variable price forecasts. When the calculation of the CV is based on the unadjusted values 
within the quantity surveyors' estimates, the category denoting a high fixed sum content 
still has a high CV of 46 % , although mean absolute accuracy does improve to 8. 85 % of the 
tender sum. 
It appears unlikely that price forecasters base their expectations o{ estimating accuracy on 
the 'nett' amounts (i.e. after adjustment for fixed sums). This is considered a major reason 
for the suggested propensity of estimators to be over-optimistic in the evaluation of their 
estimating skills. 
7.4.1.4 Sundry features at differing perfonnance levels 
The actual estimating performance of quantity surveyors is presented in overview in Figure 
7 .1. However, this does not indicate the relationships between the nett absolute values used 
for the presentation and other features which could be applied in assessing relative 
accuracy. The results of applying alternative measures, used by researchers and 
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practitioners for measuring the accuracy or consistency of price forecasts, to the survey 
sample are indicated in Table 7 .1. 
MEASURE NETT ACCURACY RANGES 
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0-5% 5 -10% 10 - 15% 15 - 20% EXC 20% 
. .· . 
. Nett Abso1Jie 
Accur~cy• 2.13 6.97 12.54 
·· Estimators' . 
: . : ... 
· Nett CV < 4.57 . · .. ·.,· ·· 9.23 24.52 
· Gross Absolute 
.· Accuracy 1.68 5.46 9.73 
... 
·.· 
-.... : 
• Estimators' 
,. Gross cv. 19.24 
TABLE 7.1 MEASURES OF ACCURACY RECORDED. 
( Source: National Survey, 1992) 
The terms used in the table above are explained as follows: 
17.27 41.49 
20.96 81.65 
13.32 28.15 
· 15.04 58.71 
5.86 .7.10 
,,·: 26.47 · 
"Nett Absolute Accuracy" - the mean absolute deviation of the estimate from the low 
bid, after allowing for the deduction of fixed sums. 
"Estimators' Nett CY" - the coefficient of variation of the range of estimates, after 
allowing for the deduction of fixed sums. 
"Gross Absolute Accuracy" - the mean absolute deviation of the estimate from the low 
bid, without allowing for the deduction of fixed sums. 
"Estimators' Gross CY" - the coefficient of variation of the range of estimates, without 
allowing for the deduction of fixed sums. 
"Bidders' CV" - the mean of the coefficients of variation for the tender lists applying to 
individual projects in the sample. 
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"Fixed Sums Allowance" - the mean of the fixed sums, expressed as a percentage of the 
tendered amounts for the individual projects in the sample. 
It can be seen from above that the accuracy described by the gross figures are superior to 
those which allow for the omission of fixed sums. However, a further feature of the 
relationship between the two measures of accuracy is that the relative difference~ between 
them increase as the accuracy deteriorates. This is shown in Figure 7.3. 
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FIGURE 7.3 NEIT / GROSS ABSOLUTE ACCURACY. 
( Source: National Survey, 1992) 
>20% 
The details in Table 7 .1 enable a comparison to be made between the estimating 
consistency achieved by price forecasters (estimators CV), and the variability of tenders 
about the mean bid on individual projects (bidders CV) .. It is recognised that, although the 
two measures are not d_irectly comparable, the trends displayed by the analysis indicate that 
the consistency achieved by the professional consultants is far more variable than that of 
contractors compiling individual tenders. 
All of the various measures of performance illustrated appear to be suitable for indicating 
relative performance levels, the sample indicating similar trends throughout. Of particular 
interest are the features associated with the range of projects exhibiting the poorest 
estimating accuracy. These are; (a) a high number of bidders, (b) higher than average 
project values, (c) greater variability than usual in terms of tenderers bidding range and CV 
of bids, (d) a large percentage of the tender amount comprising fixed sums. 
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7 .4.2 Market conditions 
This factor is investigated at two levels. Firstly, the data is separated into annual 
groupings, based on the tender date, to establish whether variable trends are discernible 
amongst the divisions. Secondly, the study is directed at possible differences in ~stimating 
achievements occurring during the different economic cycles experienced in the South 
African construction industry. In particular, the economic growth cycle phase from May 
1986 to March 1989 (Hindle, 1991), is used as a basis for the investigation. 
Table 7.2 provides a summary of the estimating performance achieved in each of the 10 
years covered by the sample. Before analysing the data in detail, it should be stated that the 
sample sizes for the years 1982 to 1985 are comparatively small and could therefore be the 
cause of any anomalous results indicated for those periods. 
TABLE 7.2 ESTIMATE PERFORMANCE VIEWED ON AN ANNUAL BASIS. 
( Source: National Survey, 1992) 
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It is notable that the bids CV indicating the consistency of contractor's pricing as shown in 
Table 7.2, is remarkably uniform in pattern. The higher values for 1982 and 1990 occur 
under contradictory economic conditions. Possible reasons for the same resultant effect 
occurring are a tendency for bidders to attempt to achieve higher profit margins in growth 
periods, whilst in times when work is scarce, excessively low bids are sometimes submitted 
in an attempt to procure work at any cost. 
In both instances the result is a larger than normal spread of tenders (21.21 % in 1982, and 
22.85% in 1991, as compared with the sample average of 18.38%). 
Throughout the period under review, price forecasters display a tendency to overestimate 
the price of projects. Of the 243 projects listed, 91 are underestimated, but the true nature 
of this practice is more appropriately portrayed by the nett relative accuracy levels. Only in 
two years, namely 1983 and 1988, are negative mean relative accuracy levels evident. The 
relative and absolute accuracy levels as portrayed in Figure 7.4 move in sympathy with one 
another, due in part to the predominantly positive nature of the estimates. 
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Inspection of the tender I estimate results around the economic growth cycle phase of mid 
1986 to early 1989 reflect an interesting phenomenon, as indicated by the trend line for nett 
CV of estimator's price forecasts in Figure 7 .5. 
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FIGURE 7.5 PRICE FORECASTING PATTERNS: 1982 - 1991. 
( Source: National Survey, 1992) 
Extreme variability in the accuracy of price forecasts produced in the period 1986 to 1990 
is evident from the steep percentage rise in mean nett CV in both mid-1986 and mid-1989. 
It is postulated that a possible reason for the trend shown is a 'delayed reaction' by 
estimators to altering economic conditions in the first period; a period of stabilisation in the 
middle of the economic cycle; and a further 'delayed reaction' as conditions deteriorated in 
the second period. 
On the basis of the postulation above, a period of relatively consistent performance in terms 
of price forecaster's estimat~s can be expected to prevail after the period studied, until 
shortly after the next swing in the economic cycle. An interesting feature of Figure 7 .5 is 
the marked increase in the range of contractor's bidding CV's since 1990, notwithstanding 
the fact that the mean bidding CV displays a less pronounced increase. If this pattern 
continues after 1991, a possible result will be another steep increase in the variability of 
price forecasters estimates, even during a comparatively passive period in economic terms. 
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7.4.3 Type of project 
A wide variety of project types are identified .for the purposes of this investigation. Those 
studied include contracts undertaken for different client bodies (i.e. private sector, 
municipal authorities, and central government); the differentiation between new work and 
alterations / renovations; and for specific forms of accommodation as indicated in the 
CI/SfB classification system. 
Client Sector 
Private 
Local Govmt 
Public 
0 10 20 30 40 50 
Percentage · 
- Nett Accuracy - Estimate CV 
FIGURE 7.6 ESTIMATING PERFORMANCE BY CLIENT SECTOR. 
( Source: National Survey, 1992) 
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Accuracy of estimates conducted for all three client sectors are similar, varying between 
11.41 %.and 13.34%. Whilst the CV for work undertaken on local government projects is 
an acceptable 9.08%, the commensurate grade achieved for private sector work, and 
projects undertaken for central government, is 50.46% and 51.47% respectively. This is 
indicated graphically in Figure 7.6. 
Analysis of the schedules fails to disclose reasons for the differing performance depicted, 
l 
although it is noted that the bidding variability of tenderers on central government work is 
greater than the mean, but is not considered exceptional at 6. 46 % . A feature of the projects 
in this category is the low proportion of the tender amount constituted by the fixed sums 
(17.04%). 
Little difference exists between the estimating performance of quantity surveyors on new 
work, as compared with alteration/renovation projects. The mean nett absolute deviation 
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from tenders are 11.51 % and 12.47% respectively. The main distinction between the two 
types of work relates to the variability of the price forecasts, with new work registering a 
CV of 49.31 % and alterations 24.01 %. A feature of the alterations contracts is the high 
(28.34 % ) level of fixed sum content, but as in the case of client sectors, no obvious causes 
for the disparity in consistency are discernible. 
The projects comprising the sample represent a wide spectrum of use as shown in Figure 
7.7. 
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FIGURE 7.7 SAMPLE CATEGORIES BY CI/SFB GROUPING. 
( Source: National Survey, 1992) 
In most instances where it has been suggested that project type plays a significant role in 
determining estimating performance, the reason given is actually related to confidence and 
expertise gained by undertaking a number of estimates on projects of a similar nature, such 
as schools. Where this is the case, it is unlikely that the accuracy achieved can be ascribed 
to the project type. 
In the sample tested, no evidence of estimates being produced on a major scale in this 
repetitive manner is visible, although one firm (No. 12) does produce a limited number of 
repetitive type estimates on service stations. Figure 7.8 provides an overview of the 
performance achieved by all firms in the various categories of use as represented by the 
CI/St'B groups. 
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CI/SfB Group 
Utilities 
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Educational 
Residential 
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15.83 
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FIGURE 7.8 ESTIMATING PERFORMANCE BY CI/SFB GROUPING. 
( Source: National Survey, 1992) 
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Whilst the overall performance for industrial, health and recreational facilities are far 
superior to the other types shown, an examination of the details relating to these groups 
fails to indicate any exceptional factors which could be construed to be a cause of the good 
results shown. However, the other groups do display some unusual characteristics which 
could be linked to the relatively high variability level of the associated estimates. A high 
level of fixed sums (30.89%) is included in contracts dealing with the group encompassing 
administrative, commercial and protective services, together with a low CV for tenderers 
bids of 4.47%. The variability of bids submitted for the remaining groups are noticeably 
higher than the average, in the range 6.13% to 6.62%. In this form, the analysis of the 
sample is regarded as inconclusive in determining whether the buil~ing use plays any part 
in influencing estimating accuracy or consistency. 
The projects estimated by firm 12 are of specific interest in identifying whether or not 
estimates produc;ed on a number of jobs of a similar nature produce better results than non-
repetitive forecasts. Unfortunately, the sample size upon which the study is based is small 
(firm 12 having 6 service station projects plus 9 jobs of a varied nature). The results 
emanating from the study cannot therefore be considered as conclusive but should be 
viewed as indicative of possible solutions only. 
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As shown in Figure 7.9, the results achieved by estimates on service stations are clearly 
superior to those for the balance of the sample. 
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FIGURE 7.9 ESTIMATES CONDUCTED ON TYPICALLY REPETITIVE PROJECTS. 
( Source: National Survey, 1992) 
An important feature of the results shown above, is that several factors otherwise 
considered to be detrimental to the consistent provision of accurate forecasts are evident in 
the service station sample, whilst some normal indicators of likely good estimating 
performance apply to the remaining jobs. 
In particular, the service station sample includes a higher than average number of bidders 
(9), a relatively high bids CV of 6.56%, and a large fixed sum content (25.47%). 
Conversely, the other projects are tendered upon most consistently (4.78%) by a small 
number of contractors (6). 
These factors serve to confirm the opinion that forecasts presented by a specific estimator 
on typically similar projects are likely to be consistently more accurate than other 
estimates. As previously stated, the reasons for this would appear to be linked to factors not 
specifically contingent upon the project or type of building, but rather to influences such as 
effective data, and an 'expert' knowledge of all conditions relating to such contracts. 
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7 .4.4 Project size 
In order to establish a structured base for ass~ssment of the affects of project size in South 
African contracts, value categories based on those listed in the Tariff of Professional Fees 
(ASAQS, 1992) are used. In those instances where sample sizes are small, categories have 
been combined to provide statistically meaningful results. 
R2 to R4 Million 
23% 
>R16 Million 
5% 
RS to R16 Million 
7% 
R4 to RS Million 
1S% 
Distribution by 
number of projects 
R4 to RS Mill ion 
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RS to A16 Million 
19% 
Distribution by 
total updated value 
FIGURE 7 .10 SAMPLE CATEGORIES BY VALUE OF PROJECT. 
( Source: National Survey, 1992) 
Al to R2 Mill ion 
9% 
<Al Million 
4% 
In Figure 7.10 it can be seen that although comparatively few large projects are included in 
the sample, in terms of the total value of estimates compiled by quantity surveyors these 
jobs comprise an extremely important sector of the market. The average value of projects 
. 
in the total sample is R 4 348 110 at mid-1992 price levels. 
An analysis of the sample based on the value categories stated is summarised in Table 7.3. 
l 
From this abstract it can be seen that estimating performance within the divisions is 
generally close to the internationally accepted norms for both accuracy and consistency, but 
the values for projects of more than R16 Million indicate a sharp reduction in performance 
for large jobs. 
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TABLE 7.3 ESTIMATE PERFORMANCE BASED ON PROJECT VALUE. 
( Source: National Survey, 1992) 
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The trend shown in respect of larger projects is unexpected as it is the total reverse of that 
discovered in empirical studies overseas. The schedules (Appendices Band C), confirm 
that tender lists on large contracts are comparatively small, the average number of tenderers 
being 7. This condition normally results in stable tendering conditions, but in this sample 
there is a slight increase in the variability of the bidding range for large contracts in 
comparison with the intermediate value ranges. 
A possible reason for such variability is the possibility of collusion between the small 
groups of tenderers. This is dismissed as a consideration; however, as such action would 
result in estimates being generally below the tender values. In the sample however, the 
mean nett relative deviation for this group of projects is 17 .17 % , as compared with a mean 
figure of 3. 99 % for the study as a whole. 
A tangible cause of the condition discovered above is not evident. It is possible, however, 
that the sample size (11 projects), for this category of work is a contributory consideration. 
A need for further research to be conducted into the matter is indicated. 
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7 .4.5 Number of bidders 
In the 10 year period covered by the study, the average number of tenderers per project is 
8. As stated in an earlier section of this dissertation, the general view of researchers is that 
more than 3 to 5 tenderers for any project merely adds to the cost of obtaining bids and is 
therefore unnecessary. The data base has been segmented into categories of small tender 
lists not exceeding 5; average lists of between 5 and 10 tenderers; and large tender lists of 
more than 10 tenderers, and is summarised in Figure 7.4. 
: CATE60RY MEASURE OF ACCURACY 
.. 
Tender Nett Nett 
·> ..• ····::.·· 
Range Accuracy CV 
. . . 
Les; than5 bids ··. < ·s.76 15.53 13.44 59.56 
17.98 10.18 38.97 
23.32 14.08 20.38 
.. · .: 
TABLE 7.4 ESTIMATE PERFORMANCE BASED ON NUMBER OF BIDDERS. 
( Source: National Survey, 1992) 
Noticeable features of the summary are; the consistent nature of the tenderers' CV even 
though bidding ranges increase, and the reduced variability of estimators' price forecasts, 
with increasingly larger numbers of bidders. 
Closer examination of the sample discloses that in addition to the range of bids increasing 
in the manner above, the mean relative deviation of forecasters' estimates from the tender 
amount increases significantly when more than 10 bids are submitted. This indicates a 
likelihood that the 'movement' within the range is at the lower pricing levels, resulting in 
the 'overestimation' by the consultant. 
When the sample is further segmented to reflect projects upon which 3 or fewer contractors 
bid, significant deterioration in a number of the features relating to accuracy occurs. 
Tenderers' CV, range of bids, mean absolute accuracy of the estimate, and coefficient of 
variation of estimates are all affected by this situation. 
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7.4.6 Location of project 
The initial data source (lists of projects tendered for by members of the Cape Peninsula 
MBA), automatically limits the extent of the investigation into the influence of this factor 
on quantity surveyors' price forecasts. A subjective division of the geographical areas 
covered by the projects is used for the study which is necessarily restricted to areas of the 
Cape Peninsula and surrounding regions. The analysis of the sample, divided into the areas 
considered to represent possible variable tendering conditions, is summarised in Table 7 .5. 
···:. · ... 
: .-. · .. 
• REGION MEASURE OF ACCURACY 
..... ·. • Projects Bids CV Nett Nett 
._- :· . 
Accuracy CV 
86 5.96 9.28 23.66 
:···:··:-:·--.:::··: .-:;:·::. 
• (B) ~0Jat1~ 3 2.97 7.29 5.95 
. . 
.. 
· (C) Atl=:µs Ci 
. . 
. · 5 4.85 3.70 7.99 
.. (D) Metropdiiiai{Area : . 
..... · ... ·.··:/:\{:_::::; . ·.·:·>-::{\/\i:;; __ ·· .... 
· ... ·/:\'.(~:/\:::. 
.-. .. 
·\5.82 .. >\ 20.10 83.98 
>4.97 · 13.89 15.82 
.. 
· 507 ::;,- . . 10:00 70.47 
TABLE 7.5 ESTIMATE PERFORMANCE BASED ON PROJECT LOCATION. 
( Source: National Survey, 1992) 
The conditions under which projects are undertaken in these areas vary considerably, and 
are undoubtedly allowed for by any contractor bidding for work there. These conditions 
include distance from major material suppliers such as experienced in the Boland regions 
(area codes B and C); difficulties of working in metropolitan areas (area D); challenging 
physical conditions such as experienced along the Cape Peninsula coastline (area A); and 
working in areas with extremely high crime and political disturbance records as found in 
parts of the Cape Flats (area H). 
The most favourable results for areas B and C are not discussed in detail due to the 
extremely small sample sizes reflected. Apart from these results, the most prominent 
features of the summary are the very"high levels of inconsistency for estimators' price 
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forecasts in areas D and H. Detailed inspection of the project details within these area 
samples fails to disclose the presence of any uncommon features which could indicate 
reasons for the results observed. 
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It could be argued that the total lack of any identifiable pattern within the regional data is 
an indication that the location itself is the prime reason for the variable performance 
displayed. However, the divisions created are relatively arbitrary and do not therefore 
conclusively support this contention. The need for further research into this factor is 
indicated, together with a broadening of the study of locations into larger, more widespread 
regions. 
7.5 ANALYSIS OF PUBLIC SECTOR SAMPLE 
Unless otherwise stated, the divisions used for the analysis of the foregoing main survey 
are applied to this section as well. The independent public sector sample discussed in this 
section (Appendix C), is derived from the data of the Department of Public Works and 
Land Affairs, consisting of 45 projects throughout South Africa, tendered for in 1990 and 
1991. 
Details relating to the tenders received, other than the value of the lowest bid , have not 
been made available. Comparison of factors derived therefrom, with similar data included 
in the main Western Cape sample is therefore not pQssible. In addition, the relatively small 
number of contracts, including projects of a diverse nature in many areas of the country, 
results in small sample sizes for certain features discussed in detail in the main study. The 
main objectives of including this limited sample in the dissertation are to broaden the scope 
of the study in terms of location, to reflect a particular public sector based overview, and to 
provide data for comparison with the main study. 
The PWD allocates projects to consultants in a structured manner, attempting to distribute 
the work amongst as many firms as possible. In doing so they consider size of project/ 
quantity surveying firm and the region in which the work is to be done. The result of this 
policy is that very few firms are shown to have worked on more than one of the projects in 
the sample. It is thus impossible to examine the performance of individual firms 
undertaking this work. In addition, as the data does not give details of the tender range, no 
comparison between tenderers' bidding consistency and price forecasters' accuracy is 
possible. 
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In some instances the PWD directs consultants not to include fixed sums in the contract 
documentation. The schedule consequently reflects a low mean fixed value content of 
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10. 86 % • If the projects without fixed sums are excluded from the sample, the mean content 
is shown to be 15. 76%, still considerably lower than the average of 21.92 % found in the 
main survey. 
Extraction of a test sample comprising those jobs with fixed sums exceeding 25 % of the 
low bid fails to provide any further indication of the affect that fixed sums have on 
estimating performance. Analysis of the 5 projects in this category reflects unacceptably 
high levels of inaccuracy in terms of both gross and nett figures, but lower than average 
figures denoting consistency in forecasting. Although this does indicate consistently 
inaccurate estimates being associated with high fixed sum allowances, the sample size 
dictates that these results cannot be viewed as being conclusive. 
A notable feature of the PWD sample is that the accuracy profile for the main survey, 
portrayed in Figure 7 .1 is confirmed. The uniform nature of the two samples in terms of 
division into accuracy categories is very significant, confirming in an even more emphatic 
manner that the accuracy levels indicated by estimators responding to the national survey 
are highly optimistic. 
The division of the two samples into accuracy divisions is shown in Figure 7 .11. 
0-5% 
Exe 10% 
45% . 6-10% 
Exe 10% 
0-5% . 
Main Survey PWD Survey 
% Estimate Accuracy % Estimate Accuracy 
FIGURE 7.11 COMPARISON OF SURVEY SAMPLES: ACCURACY DIVISIONS. 
( Source: National Survey, 1992) 
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As the data provided is for 1990 and 1991 only, it is not possible to examine the 'market 
condition' factor in detail. However, it is seen that the decline in estimating performance 
levels over this period as shown in Table 7.2 is repeated in the PWD sample. The 
summarised details are given in Table 7.6. 
TABLE 7.6 PWD ESTIMATE PERFORMANCE VIEWED ON AN ANNUAL BASIS. 
( Source: National Survey, 1992) 
Evaluation of different project types is necessarily limited to a comparison of new work 
with alteration / renovation contracts, and a study of the predominant form of use for 
buildings included in the data base. 
As in the main study, relationships between new and alteration work and estimating 
performance cannot be clearly established. The new work contracts reflect a reasonable 
mean absolute accuracy level of 12.15%, but poor consistency with a nett CV of 42.87%. 
Estimates on alteration work, however, display low v3:fiability (CV of 9.84%), but are 
generally inaccurate (21.01 % ) . 
Most of the projects included in the data base (76% ), relate to buildings of an 
administrative /i commercial nature as defined by CI/SfB categories. A comparison with the 
relevant details in the main study indicate an almost identical level of accuracy achieved for 
the PWD sample (13.61 % as compared with 13.95%), but a vastly improved nett CV of 
26.27%, as compared with the 62.13% recorded for the large sample. It was noted in the 
main study that this group was associated with a higher than normal value of fixed sum 
items. This is not the case in the smaller sample, and the inference that a particular 
relationship exists between these features can therefore be ignored. 
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The division of the PWD sample into value categories as determined by the main survey is 
given in Table 7. 7. 
. ::iMEAsuRE OF ACCURACY 
··.;.Nett 
TABLE 7. 7 ESTIMATE PERFORMANCE BASED ON PWD PROJECT VALUE. 
( Source: National Survey, 1992) 
Analysis of Table 7. 7 should recognise the fact that in several of the divisions few projects 
are represented. If the 3 largest value categories are combined in an effort to overcome this 
problem, the 13 projects represented display a nett accuracy of 18.15%, with a nett CV 
value of 22.15 % . Although no meaningful conclusions can be drawn from these figures, it 
is noted that the few projects exceeding R16 million display a contrary pattern to the 
equivalent group in the main study. However, the trend indicated in the PWD sample is 
consistent with trends observed overseas for large projects. 
Another factor tested which produces possibly spurious results due to small sample sizes is 
the number of bidders on any individual project. In both the PWD sample and main 
samples the average number of tenderers on any project is 8. 
A summary of the national PWD sample, partitioned into the same categories used in the 
main Cape Peninsula survey is provided in Table 7.8. 
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CATEGORY 
: .. ;._: 
. . 
Fewer than 5 bids 
. . . . . 
· ~i~~n 5 and 10 bids 
: -~-- . . · .· 
·· More than 10 bids 
Projects 
. 10 
33 
6 
MEASURE OF ACCURACY 
Nett Nett 
Accuracy CV 
20.11 
13.29 
10.10 
22.25 
32.78 
15.87 
TABLE 7.8 ESTIMATES FOR PWD BASED ON NUMBER OF BIDDERS. 
( Source: National Survey, 1992) 
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In the table above, the intermediate category is the only one that can be considered 
statistically reliable due to the sample sizes. The performance levels shown for this level 
are similar to those found in the comparative division for the main study. A further 
observation within the main study that can be confirmed by application of an analysis of the 
small sample, is the tendency for reduced variability of estimators' price forecasts with 
increasingly larger numbers of bidders. A test conducted in both studies indicates that when 
even smaller tender lists of 3 or less are encountered, estimating performance is seen to 
suffer. 
7 .6 CONCLUSIONS 
It has been positively proven in this chapter that many price forecasters in South Africa 
perform at a level below that observed in similar studies overseas. In addition, the 
estimators' own perception of the accuracy and consistency of price forecasts produced has 
been s~own to be extremely optimistic. This situation demonstrates that there is 
considerable potential for improving the design price forecasting service to clients. 
The two data samples used for testing the validity of estimators opinions, previously 
established in respect of factors which influence estimating performance, provide sufficient 
information for determining the existence of such a relationship for several factors. The 
factors found to affect estimating accuracy and consistency are estimators' expertise, 
market conditions, type of project (particularly the client sector, and historical cost data 
when used for 'repetitive' project types), project size (value), and the number of tenderers 
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for a contract. Whilst estimators' expertise· and historical cost data are not specifically 
studied in the chapter, the results emanating from the study of the performance of 
individual firms provides reasonable indications as to the importance of these factors. 
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With regard to market conditions, the predominant trend is for price forecasters to 
overestimate the cost of projects. The tendency observed overseas for estimators to display 
a 'delayed reaction' to changing economic conditions in their forecasts is supported by the 
analysis of the main survey data covering a 10 year period. 
While tne reasons for contrasting performance are not identified, differences in 
performance between estimates compiled for various client sectors are apparent. This 
provides a possible area for further research, allowing for differences in contract 
documentation and price control mechanisms employed by various client bodies. 
A similar situation in terms of a lack of clarity as to the causative nature of the factors is 
found when considering project value, number of bidders, and the nature of the tenders 
submitted. These factors are not seen to be highly influential in determining estimating 
performance, but the trends observed should be considered by the estimator both at the 
time of compiling the forecast, and in the assessment of the bids received. 
00000000000 
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8. SUMMARY AND CONCLUSIONS 
·The great tragedy of science - the slaying of a beautiful hypothesis by an ugly fact" : 
Thomas Henry Huxley 
8.1 CONCLUSIONS 
The main objectives of this study are to establish the level of proficiency of price 
forecasting of South African quantity surveyors, and to ascertain the most significant 
factors influencing such performance. The first objective, namely establishing the 
proficiency level of local quantity surveyors' price forecasting, is closely linked to the main 
problem which is stated as: 
Pre-tender price forecasts produced by quantity surveyors in South Africa are consistently 
inaccurate and do not meet the expectations of either architects or clients. 
This statement is substantiated by means of an empirical study of the price forecasting 
performance of quantity surveyors on a number of local building projects. The results of 
this survey are compared with: (i) the accuracy standards expected by architects and clients 
as established in the literature review and (ii) the results of similar overseas studies. 
The main findings to develop from the above analyses are as follows. In general, the pre-
tender estimates produced by South African quantity surveyors are: (i) less accurate than 
that perceived by quantity surveyors themselves and fail to meet the expectations of 
architects and clients, and (ii) less accurate and more inconsistent than their overseas 
colleagues. 
The potential for improving the design price forecasting service is therefore 
conclusively proven. 
l 
The second objective of the study is to identify the most significant factors affecting price 
forecasting performance. This objective is accomplished by: (i) examining established 
theory with respect to the subject matter in order to determine those factors considered by 
overseas researchers to be important, (ii) undertaking a national survey of South African 
quantity surveyors in order to establish their opinions on the importance of the factors, and 
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(iii) analysing the empirical survey in order to determine the influence of certain of the 
factors on the accuracy of the estimates studied. 
The findings emanating from these sources are summarised as follows: 
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(a) Estimator's Expertise. Overseas literature indicates that this is one of the most 
important features at all stages of design development. Feedback from estima
te / tender 
results are considered necessary to improve the data base used. In both overse
as and South 
African opinion surveys, estimators rate this factor highly. Although no direc
t test of the 
item is applied in the empirical study conducted in South Africa, differing pe
rformance 
standards applicable to individual price forecasters are evident. The universal 
support 
indicated by the research denotes it to be a most important factor in the consi
deration of 
achieving accuracy in estimates. 
(b) Historical Cost Data. "Laboratory tests" described in the literature establish that there 
is a strong link between this factor and estimating expertise. The availability o
f data is 
extremely important to the inexpert estimator in the early stages of design pri
ce forecasting . 
Recently priced bills of quantities are universally accepted as the most commo
n data used. 
This factor was highly rated by respondents to Ogunlana's survey, but is only
 considered to 
be of moderate importance by South African estimators. The local survey refl
ects tender-
stage views, whilst the relatively higher importance ranking of the overseas 
survey is linked 
to usage throughout the design sequence. This item is not directly tested in th
e empirical 
study but is seen to play an important role, particularly if the data is relevant 
to future 
projects of a similar design or use. 
(c) Design Information. This factor is seen to be important in the early stages of design 
. development. Studies conducted overseas indicate that its importance dimini
shes with the 
advancement of design development. UK estimators indicate that the item is i_
mportant in 
the production of accurate estimates during the design stage as a whole. The l
ocal opinion 
survey indicates that South African price forecasters also rate the factor highl
y. However, 
the validity of the local opinion is questionable as the South African study ref
lects the 
tender stage when project information should be essentially complete. This item is not 
tested in the empirical study. 
(d) Market Conditions. The literature review discloses that estimators are found to 
respond slowly to changed economic market conditions. Whereas the UK esti
mators in 
Ogunlana's opinion survey grade this factor in the moderately important rang
e, the local 
survey indicates that the item is regarded as extremely important in achieving
 price 
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forecasting accuracy. With regard to the delayed reaction of estimators to variable market 
conditions, the empirical study of South African building projects confirms the findings of 
the overseas studies. However, since this ability is a major distinguishing feature between 
expert and inexpert estimators, it is considered to be a further aspect of the expert's skills 
acquisition. 
(e) Project Type. The main finding in relation to this item is that estimating is better on 
types of projects on which the estimator has had extensive personal experience. This is, 
however, considered to be a function of experience I expertise, unrelated to type of project. 
Estimators in both the local and overseas opinion surveys view the factor as being of 
moderate importance for the attainment of accurate estimates. Although variable 
performances for different project types are apparent in the results of the empirical study, 
the underlying reasons are not identified. 
(0 Number of Bidders. Studies conducted overseas reflect contradictory results of 
estimator accuracy in relation to different sizes of tender groups. Price forecasters in both 
the UK and South African opinion surveys rate this factor as unimportant for estimating 
purposes. In the empirical study it is shown that extremes in tender group numbers do 
result in poor accuracy being achieved by estimators. It is suggested that this circumstance 
is more related to market conditions than numbers of bidders. This factor warrants the 
consideration of being graded as moderately important for achieving accurate estimates at 
the tender stage. 
(g) Job Complexity. The literature study reveals that this feature which primarily affects _ 
estimating accuracy in early stage forecasts, is particularly relevant for inexperienced 
estimators when historical cost data is limited. In both the local and UK opinion surveys 
respondents indicate that the factor is only of moderate importance. The it~m _is not tested 
in the empirical study. 
(h) Project Size. The empirical study conducted locally reveals contrary results to those 
emanating from similar studies undertaken in other countries. Research undertaken in the 
UK indicates that accuracy on large projects (in value terms) is generally considered to be 
better than on small jobs. In contrast, the main sample of the local study reveals that 
performance on large projects is clearly inferior to that of small jobs. The public sector 
sample in the empirical study, although based on a small sample size, presents a condition 
similar to that found overseas. This factor receives a low rating by estimators in both the 
local and UK opinion surveys. 
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(i) Contract Duration. This factor is universally rejected by respondents to both the UK 
and South African opinion surveys as being significant in influencing estimating accuracy. 
A study of the literature shows that the role played by this item in the estimating function 
has received limited attention from researchers. The factor is not tested in the empirical 
study. 
(j) Geographical Location. Virtually no research on this feature is described in the 
literature reviewed. Respondents to the opinion surveys indicate that the factor does not 
play an important role in price forecasting accuracy. In the empirical research, the factor is 
not fully tested since the study is restricted to a relatively small geographical area. The 
results achieved do not display a discernible pattern. 
The foregoing findings support the principal hypothesis of this research, namely that 
"the experlise of the price forecasters and the provision of adequate historical pdce data 
are the two most influential factors affecting the accuracy of pre-tender price forecasts 
produced by quantity surveyors in South Africa". 
8.2 RECOMMENDATIONS 
It is clear that a number of further research opportunities exist in this field. In addition to 
items listed in earlier chapters, further topics that offer potential for research are: 
* The interrelationship between the factors referred to as 'project specifics' requires 
specific attention, in order to establish the "true" extent of their influence on price 
forecasting performance. 
* The extension of this study to incorporate earlier design stage price forecasts. 
Although certain further research into the role played by specific factors is indicated within 
the earlier sections of this work, the principal emphasis needs to be placed on the 
improvement of skills development for individual estimators. The recommendation of 
Feldman (1986) that "a social environment that requires learning" needs to be created for 
the training of expert estimators suggests that structured programmes should be considered 
for the development of South African quantity surveyors undertaking price forecasts . 
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APPENDIX 'A' - SOUTH AFRICAN SURVEY DOCUMENTATION 
Appendix 'A' contains the survey documentation sent to all quantity 
surveying practices in South Africa in early 1992. This comprises a 
covering letter requesting assistance plus a two page questionnaire, 
loosely structured on that used by Ogunlana (1989) for his Phd 
Thesis. 
Details of the survey are as follows: 
a) Questionnaires distributed: 
b) Firms no longer active 
c) Questionnaires not received 
d) 'Extra' responses from firms 
Legitimate sample response 
Response Rate 
557 
-31 
-28 
-24 
23.t 
.t7% 
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' 
10 February 1992 
Dear Practitioner 
Department of Construction Economics 
and Management 
University of Cape Town · Private Bag Rondebosch 7700 
Centtivres Building · Telephone: 650-34'13 
Telefax No. (021) 650-3726 
Head - Professor A.J. Stevens 
QUESTIONNAIRE ON TENDER ESTIMATING CONSIDERATIONS 
Enclosed herewith you will find a short questionnaire relating to 
certain factors considered to affect the accuracy of pre-tender 
price estimates, compiled once detailed design has been approved. 
I would be e:<tremel y grateful if you could answer by comp 1 eti ng 
this form. 
Whilst forming part of the ongoing research activities within the 
Department, the primary purpose of this survey is to gather 
information for use in my research thesis towards the requirements 
for the degree of Master of Science in Quantity Surveying. The 
thes.is is entitled "Accuracy in design stage price forecasting". 
The circulation of this questionnaire is funded by the Research 
Committee of the University of Cape Town and their assistance in 
this regard is gratefully acknowledged. 
ShoLtld more than one member of your firm perform the estimating 
functions referred to, it would be appreciated if separate 
submissions for each such estimator could be submitted. The 
confidentiality of information provided will be strictly 
maintained, the aggregate results of the study being made 
available to the profession. 
I trust that the results wi 11 prove beneficial to al 1 quantity 
surveyors and thank yoLt in anticipation for your support. Please 
return the questionnaireCs) in the 'Free-Post' envelope by Friday, 
21st February 1992. A stamp is not required. 
Yours sincerely 
R.G. PEARL 
The University of Cope Town rejects racism and rociol segregation and strives to maintain o strong tradition of norw:liscrimination with regard to 
race. religion and gender in the constitution of its student body. in the selection and promotion of its staff and in its admin
istration. 
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TENDER PRICE ESTIMATING 
This research is designed to find out the opinion of practising 
construction price estimators (Quantity Surveyors) and offices about 
certain issues that affect the accuracy (precision) of cost 
estimates. Response to the questions will be treated as 
confidential. 
1. Do you normally make a detailed comparison of your estimates 
with tender figures/final account figures: 
a. On all tenders received? ~ 
b. Only when predictions are close to tender figures? 
c. Only when predictions differ significantly from tender 
figures? 
2. Which of the following do you compare estimates with? 
Lowest bid 
2nd lowest bid? 
Mean/Median of bids 
Final Account figures 
Any other bid (Please Specify) ..••..•.•.•••••....••......... 
Comments • ••••••••••••••••••••••••••••••.•••••••.•....•.•....... 
3. Do you think comparing estimates with any of the above serves 
any useful purpose? 
Yes D No D 
Comments ••••.....•••••••••••..•..•••.••••••••.•••........•..... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4. l Do you formally record estimate/tender comparisons with the 
specific purpose of using the data for future estimates? 
Yes D No D 
Comments • ••••.••••..••...•••..•..••••.•..•.•••••.•..••....•.... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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5. Please rate each of the following as they affect the accuracy of 
estimates (from your experience) on a 7 point scale. (e.g. 
1-least effect on estimate accuracy, 7-most effect on estimate 
accuracy). 
Number of bidders 
Design information available 
Historical cost data 
Project complexity 
Project size 
Estimator's expertise 
Project location 
Project type 
Market condition 
Project duration 
6. What level of accuracy is appropriate for tender price estimates 
once the detailed design has been completed. Use office or/and 
personal standards. 
jover +/-20%1 
,. What should be the datum for measuring the accuracy/precision of 
design phase cost estimates? 
Low bid 
2nd lowest bid 
3rd lowest bid 
Mean/median of bids 
Other (Please specify) ...................................... . 
8. Please indicate for how many years you have been active in 
producing tender price estimates. 
D D 
Comments • ••••••••••••••••••••••....•...••••••••••...••.•••...... 
. . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . . . . .
 . . . . . 
Thank you for your help with this research. l 
ROB PEARL 
'fil'/Ql/200 
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APPENDIX 'B' - SAMPLE OF 243 PROJECTS USED IN EMPIRICAL STUDY 
Appendix 'B' is a schedule reflecting the details of building projects tendered for in the 
Cape Peninsula in the period 1982 - 1991. In order to identify a potential sample of 
projects tendered upon on the basis of bills of quantities, the records of the Master 
Builders' and Allied Trades' Association (Cape Peninsula) were scrutinised. This reflected 
a total of 1086 projects tendered upon using this procurement method. Consultants were 
then approached for details of estimates provided for listed projects. Information was 
provided on a total of 243 projects. 
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APPENDIX 'C' - SAMPLE OF 45 PWD PROJECTS FOR EMPIRICAL STUDY 
Appendix 'C' is a schedule providing the details of building projects tendered for the 
Department of Public Works and Land Affairs in 1990 and 1991. This schedule reflects 
public sector projects throughout South Africa. Due to the sensitive nature of certain 
projects (e.g. military installations) full project details are not provided. 
Appendix C 
I! i ~5~~:~~3~:~::~;~::~~5~;:~!~;~~~:!;:~~:;~~~~~~ I I 
.. -· ........... -· .... -· -- -· .. .. ... -- -- .. .... ........ .. ... ........ .... ... .... ........... -· .... .... -....... ... .. ..... -
.i! !~,,~~~;,~:~=~~;~:;,,5~;3,!~;;~~,~~:~~:;~~~,,~ ___ I_I_ 
I ! i111i~~e=!l~!j!J=li=,11:!=ai:1l=ll::!ti~1!xEi~ ,~,-;~ ! fi-:-iPp::-:! , =-1-:r~~=~=a:~: :ne;i~~=~=~i~§~H~ :: i 
·1i= i11i!11~1111i111111!~l~!lll!l!i~IIEl!E§!lll~a; Iii= 
=~ 1#;=::::=::s:~;=:~~==:=;=:;z:::=~~a:a~~:::== 4 =· E; 
- ,,• .. - ,- N =r 
• • •• I •• •• •• •• • • • • •• • • • • • • • • •• •• •• •• •• •• •• • • •• •• •• •• •• •• •• •• •• •• •• •• •• • • • • •• •• •• •• • • •• • • • • •• •• •• •• •• ,.,. •• •• •• •• 
: :Jl i~~=1~11:s::i=1i~~1=~!==1=11111~;==~~1 =~=== !=i= l~i l1g!~~~i~~;~;~~1~=§~~~~~1!§=~~~=!~aE~~§r:~a~~~a ,~!i 
I •••••• •••• •• •• •• •• •• •• •• •••• •• •••••• •• •••••• •••••• •• •• •• •• •• •••• •• •• •• •••••••••••••••• •• •••••• •• •• •• ·- -- -- '- --
! a i ai:=:::~:i::aaa~a::==~====~==•===~=~===~=:::: I 1= i;- i~··:~··:;••··-·"•:::~"·"=·=·=--=~~====i~==~~- i 
i •• ·- : .•.• •• ·- .• ·- •• •• ·- - ·- ·- ·- ·- ·- ·- ·- ·- -- ·- ·- •• -- -- -- ·- -- ·- ·- ·- ·- ·- -- •• -- -- -- -- -- -· ·- ·- ·- -- ·- -- - ·- ·- ·- -- ·-!; ~ ! 1- -1 ~ --11- -----1-1 ! ! ! I!! I I I! I --11111 ! Ii I I 3 I! - ,~,~i 
: .:1 ! = ____ =-.. __ __ -___ _______ . ______ !---- ____ =----____ -_  --:::-----1-- _______ __ ; i -1 
ii i!~~555~55!5!~ss!~~!3~~5~~~~~55!!s~~335:s~~55~ I I 
~- t __ ___ ________ -- ______ -- _____ -------=-----------------
i! l !~,5;~~~~:~:~;~;:~;~:~;~~~!5~~~;;;~!~;;~~~~~~ I I 
! lli!i~~=l!i~!j!J;fi~:J!E!j=J:l!=J!:!!:S:l!~:iS 151= 
~: j~7§~2i~i~! .i-i-fT,=~=~7=-=,f5T~!5!Sii~§=iT~ 5 =1 
.·--------:--------------•• ----------=----=-------------
~liil!!!IIIEll!l!!!l!!J;~l!illlll!!il!~ll~galllsi~ ,~,§ ! :,=--=~·- -------- !-·~~ -~~--- ----- --=--- ~: 
= l ::;:::ss:!:a:ii:1===!1::5!1!55!=====1:;!~;i:i f:1-ilj~:====S=:!==i!==::;r;:=!=is~=f=i~;ji~i:E;s:;i~ ·1:j!I 
-~ ,--·--= ---- --- ~- -=· - - - -- --=--- =1· 
-:ltft=~=s:11=s1s-:s;~==-=z=;s=ttttt=;a=~=1s~===----;,; I- !-!=~;~=--~~-;1:~-1=~1==~ ::!-!.!:::.:::•-:::": 1=·~ 
_! l~E1gE~~~!i~;5~-==i:::~5!i=El=a~~=I55aa=a~~£;i~=----~l• 
: 1--~-~=--~=------···=s·:-s-~-----·:----·-=·-·· Iii· 
---------~=~===~~~~==~====~~~~=~===~===:=~=:: ,~, 
i !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! gl I - ----~-----------------------------~---------- i1 ! =i=i=iiiiiiiii.ii.iii =i111=ii=i=i-jiiiiiiiii j:i1---'·'·'·--------! .. ! ... !!. ___ ! .. !.!.!_ ......... _____ ,_ 
=l ~ lzzl!!!!l!!!l!l!ll!!!!!!l!!!E!l!!!!!!!l!!!!!!! I I 
1!!-1····---·~-------------=-------------------------,-,-
· ·-------------------------------------------------------i i~ 1------------------------------~-------------- I I g , ___ _ _________ _ ___ _ __________________________ _ ______ _ __ _ 
: ; ~ ;~; i 1fi 
!Ii 1f1i1lft1!11!~~1!l1!i11lilf11!:!!Il1I~ii~1~:1 
•: _ __ z.z:z:=zz-z:JJJ:~4~~~~.:~z~~z=~=~=~~z•-===~=JJ ___ _ ___ 1 
. i =i=•:~~=•=~r.~=======~==~~=========~~~~===:~~=== i •, I i i i: , ;::=~=i:::::;:~::::;;:;:iiiiiiiii:::;iiii:::: ,. ~· 
=1·=!iiiiiiiiiiiiiiiiiiiaaaaaaaaaaaaaaaaaaaaaaaaaa __ __ 5,xj 
u 
208. 
-
: 
- ;: ! 
= 
ci 
I 
=' I= I
-
-
! ~I I :I lldll - I - , ' l i ' ii1 1• !,;
1
_, 
* =1· ·= I ·1* ;! • a .,al!; i YI !!i1i.i1~1i Ii · 
.......................... 
-
APPENDIX 'D' - SAMPLE VALIDATION : NUMBER OF BIDS / PROJECT 
In order to validate the survey findings, a comparison of certain features in the sample 
comprising the total amount of tenders listed (1086 projects) and the sample reflecting 
estimate details (243 projects) was conducted. These features are: 
(a) The number of bids received for each project (Appendix D). 
(b) Mean project values indicated by lowest tenders (Appendix E). 
(c) Mean range of bids expressed as a percentage of the lowest tender (Appendix F). 
209 
(d) The nature of the tenderers' bidding expressed by the coefficient of variation for tender 
distributions (Appendix G). 
In Appendix 'D' it can be seen that the trends displayed by the 'sample' and 'all projects' 
over the survey period are similar. The validity of using this information (arising from the 
sample of 243 projects) is therefore supported. 
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APPENDIX 'E' - SAMPLE VALIDATION : MEAN PROJECT VALUE 
In order to validate the survey findings, a comparison of certain features in the sample 
comprising the total amount of tenders listed (1086 projects) and the sample reflecting 
estimate details (243 projects)" was conducted. These features are: 
(a) The number of bids received for each project (Appendix D). 
(b) Mean project values indicated by lowest tenders {Appendix E). 
(c) Mean range of bids expressed as a percentage of the lowest tender (Appendix F). 
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( d) The nature of the tenderers' bidding expressed by the coefficient of variation for tender 
distributions (Appendix G). 
In Appendix 'E' it can be seen that the trends displayed by the 'sample' and 'all projects' 
over the survey period are similar. The validity of using this information (arising from the 
sample of 243 projects) is therefore supported. 
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APPENDIX 'F' - SAMPLE VALIDATION : MEAN RANGE OF BIDS 
In order to validate the survey findings, a comparison of certain features in the sample 
comprising the total amount of tenders listed (1086 projects) and the sample reflecting 
estimate details (243 projects) was conducted. These features are: 
(a) The number of bids received for each project (Appendix D). 
(b) Mean project values indicated by lowest tenders (Appendix E). 
(c) Mean range of bids expressed as a percentage of the lowest tender (Appendix F). 
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(d) The nature of the tenderers' bidding expressed by the coefficient of variation for tender 
distributions (Appendix G). 
In Appendix 'F' it can be seen that the trends displayed by the 'sample' and 'all projects' 
over the survey period are similar. The validity of using this information (arising from the 
sample of 243 projects) is therefore supported. 
p e r C e n t a g e 
M
EA
N
 °
/o 
R
AN
G
E 
O
F 
BI
D
S 
3
0
.
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
.
 
25
 ~
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
·
-
-
-
-
-
-
·-
·-
-
-
-
-
·
-
-
-
-
-
-
-
-
-
-
·
-
-
·
-
-
-
-
·
-
-
·
-
-
·
-
·
·
-
-
-
·
-
·
-
·
-
-
·
-
·
·
-
·
·
-
·
-
·
·
·
·
 
_
_
_
_
_
_
 
,.
_
 -
20
 
15
 
10
 ,_ 
_
_
_
_
_
_
 
-
-
-·
·
-
-
-
-
·
·
-
-
-
-
-
-
-
·
 
5 
>
-
·
·
-
·
 
-
*
-
A
ll 
Te
nd
er
s 
(1
08
6)
 
~
 S
ur
ve
y 
Sa
m
pl
e 
(2
43
) 
0 
.
.
.
.
.
_
 _
 
_
.
_
_
 _
_
 
.
.
.
.
_
_
 _
 
_
_
.
_
 _
_
 
_
.
.
_
_
 _
 
_
_
_
_
.
_
 _
_
 
_
_
_
.
_
 _
_
 
.
.
.
_
_
 _
 
_
_
.
_
 _
 
_
_
_
, 
19
82
 
19
83
 
19
84
 
19
85
 
19
86
 
19
87
 
19
88
 
19
89
 
19
90
 
19
91
 
Su
rv
ey
 P
er
io
d 
i ::, 0. ><. I-Tl N -~
 
APPENDIX 'G' - SAMPLE VALIDATION : CV OF TENDERERS BIDDING 
In order to validate the survey findings, a comparison of certain features in the sample 
comprising the total amount of tenders listed (1086 projects) and the sample reflecting 
estimate details (243 projects) was conducted. These features are: 
(a) The number of bids received for each project (Appendix D). 
(b) Mean project values indicated by lowest tenders (Appendix E). 
c) Mean range of bids expressed as a percentage of the lowest tender (Appendix F). 
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( d) The nature of the tenderers' bidding expressed by the coefficient of variation for tender 
distributions (Appendix G). 
In Appendix 'G' it can be seen that the trends displayed by the 'sample' and 'all projects' 
over the survey period (other than for the year 1986) are similar. The validity of using this 
information (arising from the sample of 243 projects) is therefore supported. 
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APPENDIX 'H' - DETAILS OF ESTIMATING PERFORMANCE (FIRM 1) 
Details of selected individual firms' pre-tender price forecasting results are provided as an 
indication of the variable nature of performance. In Appendix 'H' details of Firm 1 's 
recorded results (the best performance in the sample) are provided by means of: 
(a) Schedule listing details of tenders and QS priced bills of quantities (Page 218). 
(b) Trend Control Charts in respect of_ the above information (Pages 219 & 220). Charts 
for both firm 1 and 21 are set to the same scale. The trend line indicated on the chart (page 
220) identifies the trend of estimating performance. The nearer the trend line to horizontal, 
the closer the estimates are to the low bid. An upward trend line indicates a tendency 
towards overestimating whilst a downward trend line indicates a tendency towards 
underestimating. This form of plot enables one to identify a consistent trend within a time 
frame. 
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221 
APPENDIX 'I' - DETAILS OF ESTTh1ATING PERFORMANCE (FIRM 21) 
Details of selected individual firms' pre-tender price forecasting results are provided as an 
indication of the variable nature of performance. In Appendix 'I' details of Firm 21 's 
recorded results (the worst performance in the sample) are provided by means of: 
(a) Schedule listing details of tenders and QS priced bills of quantities (Page 222). 
(b) Trend Control Charts in respect of the above information (Pages 223 & 224). Charts 
for both firm 1 and 21 are set to the same scale. The trend line indicated on the chart (page 
224) identifies the trend of estimating performance. The nearer the trend line to horizontal, 
the closer the estimates are to the low bid. An upward trend line indicates a tendency 
towards overestimating whilst a downward trend line indicates a tendency towards 
underestimating. This form of plot enables one to identify a consistent trend within a time 
frame. 
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